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PREFACE

An important means of improving instruction is the integra-

tion of new knowledge and resources in ways which facilitate

student learning in the classroom. Research is a major strategy

for empirically determining the manner in which the integration

of knowledge and resources might occur for ,,ff-417ely improving

instruction. The research work reported herein focused on such

a determination with respect to the improvement of mathematics

instruction in fhe ninth grade curriculum of a small rural high

school. From this viewpoint, the project goal was to determine

the most effective way in which new knowledge of learning pro-

cesses might be infPgrated with the new technology of programed

learning and multimedia instructional techniques.

Basic to this goal Were three intents:

1. to combine the principles of programed learning

with the technology of multimedia instruction,

2. to prepare automated instructional units in mathe-

matics according to the combination of selected

principles of programed learning and particular

principles of multimedia technology, and

3. to identify the optimal learning conditions under

which the prepared instructional units would per-

mit maximal learning; the conditions refer to

learner characteristics with respect to operational

definitions of high and low ability in mathematics.



The three intentions determined the course of project

activities and developments. The first intent involved the

selection of programed learning principles which could be opera-

tionally integrated with the characteristics of the particular

multimedia system used. Efforts were directed toward extensive

explorations of the various modes in which the learners could

respond during instruction. These modes were conditioned by

the equipment and the behavioral exp.,ctrifinng of the learner.

The second intent consisted of reviewing the existing cur-

riculum with reference to limitations experienced in present

teaching procedures and learning activities. This concern was

fundamental since existing circumstances form the foundation

upon which change is accomplished.

The third stated intent necessitated the plans and opera-

tions of the project to be structured according to an experi-

mental design so as to insure:

1. systematic manipulation of the instructional condi-

tions,

2. replicability cf the manipulations,

3. protection against systematic bias due to factors of
the instructional process which were not controlled

within the project,

4. the systematic structuring of observations of the
learning outcomes, and

'
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5 an organized framework within which experimental

results could be interpreted and inferences drawn.

Thus, the design chosen resulted from both theoretical and

practical considerations.

The realization of the three intentions called for the

mobilization of a variety of resources and their coordination.

This was accomplished through the talents and competencies of

the team of students, teachers, administrators, and researchers

who contributed to the fulfillment of the project intentions.

The project staff wishes to make special acknowledgment of the

institutional support and the individual assistance given by

the following people:

The students of Wisconsin Heights High School
who participated in the project

The Board of Education
Wisconsin Heights School District

Mr. Robert E. Ames, Superintendent
Wisconsin Heights School District

The Faculty of the Wisconsin Heights High School

*These points summarize some of the major reasons for using
an experimental design. For a more systematic, in-depth
treatment of the subject, the reader is referred to the
following sources: D. T. Campbell and J. C. Stanley,
"Experimental and quasi-experimental designs for research
on teaching," in N. L. Grage (Ed.), Handbook of research
on teaching, Chicago: Rand McNally, 1963; D. R. Cox,
Planning of experiments, New York: Wiley, 1958; and
114 A. Fisher, The design of experiments., London: Oliver
and Boyd, 1935.



Dr. Walker D. Wyman, President
Whitewater State University

Professor John Guy Fowlkes, birector

Wisconsin Improvement Program
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Multimedia Instructional Laboratory
Wisconsin Improvement Program
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Teacher Education Project):

Professor Philip Lambert, Director
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University of Wisconsin

Dr. Robert E. Clasen, Associate Director
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University of Wisconsin
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Department of.Counseling and Behavioral Studies

University of Wisconsin

Mr. William E. Hauck
Department of Counseling and Behavioral Studies
University of Wisconsin
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Miss Patricia E. Gilbert
Instructional Research Laboratory
University of Wisconsin

The Multimedia Instructional Laboratory of the Wisconsin

Improvement Program at the University of Wisconsin produced

most of the visual displays used in the experimentation (see

Part III). The project staff is most appreciative of this
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The Photographic Laboratory of the University of Wisconsin

in cooperation With Jules N. Rosenthal prepared the movie

film sequences. This service is most appreciated.

The Duplicating Service of the University of Wisconsin assisted

in various ways with the final production of this report. This

assistance is gratefully acknowledged.

Portions of the analyses were carried out at the Computing

Center of the University of Wisconsin and this work was partially

supported by the National Science Foundation and the Wisconsin

Alumni Research Foundation through the University Research

Committee of the University of Wisconsin.

This final report has been organized and prepared in three

major parts corresponding to the three major areas of project

activities. Part I, "Plans, Experiments and Outcomes", presents

the details of the research developments, the experimental results,

the conclusions, and the recommendations. Part II, "The Devel-

opment of Programed Multimedia Instructional Units: A Checklist

and an Example", consolidates the knowledge and experience gained

during the project with respect to the production of multimedia

programs for the classroom. Part III, "Selected Programs", pre-

sents twelve of the twenty-four classroom instructional programs

developed for the experimentation.

June, 1966
Wisconsin Heights
Wisconsin
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Chapter I

The Theory, Intent, and Unique Aspects
of the Project

The Problem

Recent technological advances for the field of education are suggestive

of the tremendous breadth the school instructional repertoire will take within

the forseeable future. The introduction of these methods and techniques into

the existing repertoire implies a two-phase process of assimilation for

public educational institutions. It is not intended that the phases be re-

garded as independent, for the areas of overlap, e./., staff utilization,

seem obvious.

The first phase is the recognition of the increasing need for the new

technology. Evidence of this need is reflected in several ways. First, the

number of pupils attending public institutions is increasing, as is the length

of time these pupils are enrolled. Secondly, the knowledge explosion has

resulted in a greater amount of material to be acquired and retained by these

pupils. Concurrent with these increases, there has been a decrease in the

number of fully qualified, competent, and professional instructional personnel;

thus, the skills these persons have must be used optimally.

The second phase focuses on fhe evaluation of established school practices

to insure the effective implementation of the new instructional methods.

Changes emanating from these evaluative procedures will involve curricular

programs and the conditions under which the teaching-learning process occurs,

as well as established patterns of L'structional plans and staff assignments.

This assimilation process presents a major problem to an educational

institution when no guidelines are available. The purpwie of the present



project was to study the assimilation of one automated multimedia teaching

procedure, an Edex Teaching System into the instructional repertoire of a

rural high school. This goal was achieved through the following steps:

1. the involvement and participation of members of the school staff;

2. the development of teaching programs appropriate for the system, and

3. the experimental study of characteristics of the teaching-learning

process as conditioned by the system; this step involves the pro-

duction of instructional programs for student groups differing in

learning abilities.

Related Literature

Assimilating New Instructional Technology

The introduction of new instructioval technology into established class-

room procedures has long been a problem. Anderson (1962), in a skeletal

review of the problem from 1650 to 1900, made clear the difficulties en-

countered by innovators of even the most simple mechanical devices. In this

century, Pressey's punchboard devices received little attention until 1950

(Fattu, 1960; Lumsdaine and Glaser, 1960).

Within the last three decades, acceptance of the automated teaching

procedures has shown a slow, but steady growth. During World War II, for

example, a number of training devices were developed and successfully applied;

these demonstrations gave impetus to file idea that automated methods could

be used effectively and efficiently in a variety of educational contexts.

The increasing recognition of the potential role played by multimedia

instructional methods in improving educational practices is reflected in a

-4--



number of publications (Finch, 1962; Gagne, 1962; Glaser, 1962; Schramm,

1964). However, personnel in public educational systems, i.e., the

practitioners, have been slow to implement the new technology.

Reasons for this resistance are many and include insufficient time,

lack of technical skills, insufficient funds, and inadequate facilities.

The truth or falsity of these reasons is not questioned; rather, the

important concern seems to lie in the identification of those conditions

which facilitate and promote acceptance of new procedures as plausible alter-

natives to existing practices. Within the area of social psychology, some

investigators have focused on the processes characterizing resistance to

change; among the processes cited by Secord and Backman (1964) are selective

exposure, motivational resistance to changing certain attitudes, and

immunization of beliefs. More specifically, the results obtained by Coch

and French (1948) and Lewin (1958) have led to the formulation of those

conditions necessary for the successful implementation of innovations into

established institutional practices. The conditions relevant to the present

project are the following: a) the involvement of all related persons; and

b) the appropriate active participation of all related personnel in the

actual process of considering, planning, and executing change.

Thus, the literature would suggest, with regard to the present project,

that a) the administrative and teaching staff of a public school be ac-

quainted with programed instructional and multimedia systems; and b) the

teaching staff be active participants in the development of instructional

materials, the design of the teaching programs, arrangement of the multi-

media equipment, and administration of experimental plans.



Empirical Research on Media-conditioned Instruction

Many studies are and have been directed toward the accumulation of

objective and reliable knowledge concerning characteristics of the teaching-

learning process as conditioned by automated instruction procedures. For

exarph, a symposium (Lumsdaine, 1961) focused on the Air Force's lon-

gitudinal research on training procedures; flash cards, drill machines,

recording devices, and films were used to investigate relevant variables,

e.B., retention, transfer, reinforcement, and feedback. Other studies have

appeared in the publications of Galanter (1959), Lumsdaine and Glaser (1960)

and Schramm (1964). In general, the results obtained suggest that automated

teaching procedures have great potential for directing and guiding student

behavior in such a way that the effectiveness of instruction is maximized.

The further individualization of instruction is one of the most pro-

mising areas emanating from the research to date. As opposed to assuming

that the saue procedures and presentations must serve all learners, it is

certainly possible to foresee the adaptation of these instructional methods

to individuals and individual groups, e.s." homogeneous. Carr (1960) ex-

pressed a hope that individual differences might be reduced by programmed

instruction. This general hypothesis has received partial support (Ferster

and Sapon, 1958, Porter, 1959); however, no definitive conclusions can be

made, for some studies report main effects due to factors of ability and

intelligence (Lambert, Miller, and Wiley, 1962; Ripple, 1963).

Of greater significance for teachers is the potential of automated

teaching methods for providing controlled and flexible instructional

-6-



sequences suited to the learning needs of individuals and groups. Brown

and Abell (1965) presented a list of 53 uaanswered questions solicited

from a group of researchers in mathematics education and considered to

have farrreaching ramifications; several focused on the needs for flexible,

individualized procedures. Specific projects concerned with individual-

ization have included a provocative series using training filus (Maccoby

and Sheffield, 1958; Margolius and Sheffield, 1961; Wiss, Maccoby, and

Sheffield, 1961); the investigators have concluded that greater learning

is associated with a gradual increase in the length of film sequences

between practice exercises than learning from exercises spaced by equal

lengths of film.

Thus, the researchable areas concerned with the teaching-learning

process are many and varied. Also, many specific questions concerning the

process under conditions are indicated, and the relevance of the present

empirical investigation is borne out.

Uniqpe,Aspects of the Project

The present project was unique in the following respects:

1. in many instances, multimedLa procedures have been introduced

with subjective observations of the conditioned effects; this

study has obtained objective information concerning various

aspects of the teaching-learning process as conditioned by the

media;

2. staff members were actively engaged in phases of the development

of instructional materials;

3, the project was conducted in a school district which is average

in terms of size and available resources; however, the district

-7-



had the foresight to establish, by consolidation, a unified

efficient, and economical institution capable of a) adapting to

present and future educational needs, and b) absorbing necessary

changes in that adaptation;

4. guidelines have been estdblished to facilitate the assimilation

process in other educational institutions;

5. through the cooperation of the school administration the procedura:

aspects of the experimentation, the project was not regarded as an

overly disruptive element; on several occasions, priority was

awarded to other activities, such as in-service meetings, track

meets, and band rehearsals; thus, the status of the project was

similar to that of academic subjects in the school curriculum;

6. experimentation was conducted within the framework of a develop-

mental demonstration project; that is, allowance was made for

revision procedures while prescribed standards of research pro-

cedures were followed;

7. the design of the experimental portion of the project,permitted

the acquisition of a maximal amount of information from a

relatively small number of subjects;

8. most linear media-oriented programs written for a particular

content area, e.g.., the Pythagorean theorem; in plane geometry,

assume that one program can serve all ability levels within the

student group; in the experimental portion of the present project,

each program was developed for two ability levels: high and low.



Chapter II

Program Development:
The Setting and Procedures

The Settial

In 1964, consolidation agreements between the towns of Black Earth

and Mazomanie resulted in the establishment of a unified, efficient, and

economical institution--the Wisconsin Heights High School. This facility,

which has a capacity of 500 students, currently serves approximately 400

secondary school students from those towns and the surrounding rural area.

The present project was conducted in the context of this school.

An understanding of the setting is facilitated best by consideration

of the instructional orientation of the school staff, which includes

approximately 35 persons. This orientation focuses on the following points:

1. a combination of team teaching and seminar procedures is considered the

most effective and efficient instructional approach for four academic

areas: English, social studies, mathematics, and the physical sciences;

thus, for a particular course offering, a teaching team plans two large-

group presentations per week complemented by small-group seminars;

2. although staff members in the remaining areas are organized as teams,

the more traditional "single teacher" approach is used, in general,

in those areas, e.a., foreign languages, home economics, and business

education; and

3. independent study is regarded as the center of the educational process;

implied in this point is the belief that library facilities dhould be

extensive enough to enrich, as well as to accommodate the curricular

program.
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Thus, the school plant was designed cand built to enhance and

complement the instructional orientation. In addition to the usual services

a library extends, the Instructional Vaterials Center (MC) offers programed

learning materials, student study carrels, coilference rooms, a soundproof

preview room, language and reading laboratories, teaching team meeting and

preparation rooms, and teacher offices. Easily accessible, the IMC occupies

the central area of the school and divides the two major instructional wings:

Math-Science and Humanities (English and social studies). Each wing is

dominated by a large-group lecture room accommodating over 100 students;

seminar rooms holding 10 to 15 students, as well as laboratories for the

sciences, and for business education, rinc this central area.

Practical aspects of the eaily procedures enhance the effectiveness of

the Wisconsin Heights approach. For example, modular scheduling allows

flexibility in the routine of both students and staff; an "honor pass"

system eliminates the traditional study hall for most students and promotes

the use of the IMC.

The Edex Teachinp, System

The facilities of the Wisconsin Heights High School include an Edex

Teaching System, installed in the Humanities large-group lecture room. This

device is basically a classroom communication system. A presentation or

lesson is programed on one channel of a dual channel magnetic tape, while a

key-pulse signal is recorded on the second channel. Thus, the dual channels

control the operation of one or more pieces of standard projetAion equip-

ment that present visual complements of the audio presentation. In-

stantaneous control of this synchronized system is incorporated into a master

console, which also provides continual feedback information to the teacher by
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means of push=button response buttons at each student's position. Thu3,

the system enables a teacher to provide programed instruction in a

multimedia setting, to make judgments concerning subsequent material based

on individual and group reactions to preceding material, and to have con-

tinual feedback for the total group throughout an instructional program.

A Polaroid MP-3 camera was available for the production of slides. This

ancillary device makes it possible to produce instantaneously certain types

of 2 x 2 transparencies at relatively low cost.

Staff Involvement

One of the conditions cited earlier as necessary for the successful

implementation of innovations into established institutional practices

was the involvement of all related persons. Recognition of the need for

multimedia procedures implies that the administrative and teaching staff

should be acquainted with multimedia procedures. This step was achieved

through staff participation in a series of in-service workshops with specialist

from the University of Wisconsin (Madison and Milwaukee campuses). The series

was held prior to submitting the proposal definitive of the present project.

The actual implementation of the System as a synchronized combination

of media required considerable deliberation. The paucity of guidelines for

implementation precluded active participation by all members of the staff

and suggested that participation within a single curriculum area would be

more feasible, as well as more practicable. Two criteria were determined

for selection of the area: 1) the nature of the subject matter should lend

itself to the frequent and effective use of programed instruction, and 2)

the members of the team should express high interest in the incorporation



of the Edex System into the existing repertoire. The area of mathematics

was deemed most adequate in fulfilling these criteria.

Responsibility for the selection of content material and instructional

resources, as well as the development and organization of the instructional

programs, was assumed by the Mathematics Team Teaching Leader. This step

implies the belief that the classroom teacher is the person best qualified

to assess strengths and weaknesses of the existing repertoire. Resources

available to the Leader in meeting these responsibilities included the

following: other members of the instructional team, i.e., the team teacher,

team intern, teacher aide, and general aide; course outlines and published

materials on programed instruction; and consultants, research assistants

and special audio-visual production facilities at the University of

Wisconsin.

The Ealy. Stages, of

Prograln Development

Initially a detailed study was made of the first semester Algebra I

t
curriculum to identify topics seemingly appropriate for multimedia pro-

graming. Eight topics were chosen to insure that four would be usable in

the ensuing experimentation. The topics selected were the following:

pairing of sets (2 topics); introduction to logic; an example of systems

without numbers; the distributive law; a problem in ratio and proportion;

an introduction to scientific notation, and a problem in relations.

Each of the eight tentatively selected areas was studied in further

detail. The efficacy of programing the selected subject matter was

evaluated by the preparation of instructional outlines for each topic.
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These outlines included a statement of the classroom procedures usually

used with each topic by the team, the student worksheets, and any audio.

visual resources which typically accompany the instruction. Figure 1

shows a portion of the outline reviewing concepts necessary for under-

standing the distributive law.

After each instructional outline had been prepared, the content was

examined to determine the section most appropriate for programing. One

prograa unit was chosen for each of the eight topics. The first draft for

each unit included a script for the audio presentation and suggestions for

the accompanying visual aids. Figure 2, a portion of the Scientific

Notation program, shows the relationship between the script and the visuals.

The procedures described to this point were completed within a summer.

Also, it should be noted that the Team Leader had received no formal

training in programing techniques; rather, her experience in the classroom

was considered to be requisite for the effective selection of topics and

development of programs.

Pre-experimentation Revisional Procedures

In a relatively new research area, the standards imposed by experimental

research imply the necessity for pilot investigations. The presentation of

pilot programs seemed advisable at Olia point ka.the project to teat the.cpro-

gram development to date and to identify unforseen difficulties.

Early in the fall semester, two topics were selected--the multiplication

of binomials and sets, and programs were prepared with visual accompaniments.

The team leader, one of two staff members familiar with the Edex System,

programed the set lesson for classroom use with Algebra I students. This

-13-
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administration was directed toward the identification of procedural and mech-

anical difficulties, and several were located. First, the Edex control

system did not allow the simultaneouz operation of Vwo projectors; an

electronics technician was consulted, and equipment modifications were made.

Second, a remote stop-start button was needed to allow the teacher some

control over the program; this piece of equipment was added to the console.

Third, the utility of the Polaroid MP-3 camera proved to be limited, for

some of the more effective visual materials, e.s., color transparencies,

cotIld not be produced; the services of the University of Wisconsin Multimedia

Laboratory were Obtained for the production of visuals. Finally, student

reactions and b. hnical difficulties suggested the need for further pre-

experimental experiences in writing programs and preparing visuals and

tape recordings.

As a result, a second pilot program was carried out in the late fall.

At this time, a professional programmer was consulted through the Instruc-

tional Research Laboratory at the University of Wisconsin. This step was

an integral part of the program development, for knowledge of program

refinement was not presumed to be a function of the teaching staff. The

distributive law program was developed in detail so that a) some as-

sessment of the teaching-learning process could be made, and b) a model

would be available for program development during experimentation.

Two revisions of the program were undertiken on the basis of the re-

sponse of a few students and prior to the presentation of the program to

the entire class. These revisions involved analysis of students' answers,

evaluation of visuals, production of some new visuals, minor changes in

the script, editing the student workbooklet, and revision of post-tests.
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The introduction to the distributive lew program is shown, as presented to

the entire class, in Figure 3.

One procedural change resulting from the trial runs was the inclusion

of a gong to indicate that the student was to work a problem in the work-

booklet. Also, it was noted that the time students need to complete work-

book items could not be estimated in advance; thus, it seemed advisable to

use a remote stop-start button for pauses in future programs, as opposed

to a programed pause. With these kinds of modifications, students'

responses and technical details were considered adequate for proceeding

to the experimentation.
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Chapter III

Experimentation:
Background Information and Methodology

Approach, to the Problem

The experimental portion of this project was directed toward the assess-

ment of characteristics of the teaching-learning process as conditioned by

the Edex Teaching System. The development of the programs, including their

revisions, and the design of the four experimental studies were based on

the following hypothesis:

for a given unit of subject matter, students of high
and low ability (in that subject matter) will acquire
and retain a maximum amount of knowledge by learning
from different versions of the same instructional
program.

In terms of the experimental design, which will be described in detail

later in this chapter, the hypothesis was stated as follows:

using a 2 x 2 factorial design, in which one of the
factors is Ability (High and Low) and the other factor
is the Program (Version A and Version B), a statistical
interaction will be observed between Ability and Program.

As discussed in Chapter II, the subject matter area chosen was mathe-

matics, and a considerable amount of program development was completed

prior to the commencement of experimentation.

Definition of Terms

High ability student refers to a student achieving a score above the

median of his mathematics class on the Mathematics Section of the Sequen-

tial Test of Educational Progress (STEP).
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Low ability student refers to a student achieving a score below the

median of his class on the Mathematics Section of the STEP.

Version A denotes a program written for high ability students.

Version B denotes a program written for low ability students.

Subjects*

Experiments 1 and 2

The subjects for the first two experiments were 62 ninth grade students

enrolled in Algebra I at Wisconsin Heights High School during the 1965-66

academic year.

Experiments 3 and 4

For the third and fourth experiments, the subject group was composed of

46 sophomores and 18 juniors. All of the sophomores and one junior were

enrolled in plane geometry at Wisconsin Heights High School during the 1965-

66 academic year. Since the number of geometry students was not large enough

to cover contingencies, absences, a list was compiled of those juniors

who had enrolled in plane geometry during the 1964-65 academic year, who had

not elected to enroll in trigonometry during the current year, and who had

taken the STEP during their high school careers; from the resulting list of

27.juniors, 17 students were chosen at random to serve as subjects.

The mean STEP scores for the sophomore and junior groups were not

significantly different. However, the results of the third and fourth

experiments must be considered with caution, for the selective factors which

may have differentiated between the groups were unknown and may have

biased the results obtained. The nature of these selective factors may be

more apparent if one considers, as an example, the composition of the groups.

*
A detailed description of student STEP performance appears in

Appendix E.
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On the one hand. the sophomore group was composed of students who would

continue their formal mathematics training and students who would terminate

their formal mathematics training upon completion of the geometry course;

the junior group, on the other hand, was composed of students who had not

elected a mathematics course. The psychological factors involved in the

decision to continue or to terminate are complex, and the confounding

effects of such factors, in general, suggest a cautious interpretation of

the results.

Selection of Topics for Experimentation

During the course of the pre-experimentation program development, it

became evident that the experimentation could not be conducted within the

framework of the normal mathematics classroom procedures. The revision

procedures considered necessary for program development required an interval

of several days between administrations. Furthermore, the incorporation of

revision procedures into lesson plans would have 1) broken the continuity

of the presentation planned by the teaching team, or 2) required that the

team give undue emphasis to a topic by extending its presentation over two

or three weeks in order to subsume the experimentation. Thus, the decision

was made to select topics which presumed no background beyond the skills

included in the standard course syllabi, i. e., first semester algebra for

the freshman group and first semester geometry for the sophomore group.

The topics chosen were the following:

Experiment 1: scientific notation, which served as an introduction to the

topic and presumed sone knowledge of exponents

Experiment 2: a system without numbers, which introduced a series of

operations involving the rotation of a rectangle around various axes
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Experiment 3: the graphing of inequalities, which presumed knowledge of the

procedures involved in graphing a straight line

Experiment 4: linear programing, which presumed knowledge of the graphing

procedures taught in Experiment 3.

A change in topic was necessitated at Experiment 3, for it was found

that the students needed intensive review of linear graphing. Thus, the

revisions focused on the graphing of a straight line, the original fourth

topic was eliminated, and the fourth study then focused on the topic of

inequalities and the number plane, i.e., the graphing of inequalities.

meam Development

Programs for the topics of the first two experiments mere based on the

pre-experimentation program development of the Team Leader, while the

Team Intern developed the programs for the third and fourth experiments.

With the aid of a professional programmer, two versions--one for high ability

students and the second for low ability students--were prepared for each

topic.

The approach to the preparation of each version was entirely different;

that is, the program written for the high ability students was not merely

a shortened version of the program written for the low ability group.

RatheL:, the high ability program generally required that the high ability

student make most of the associations necessary for learning on his own.

On the other hand, the associations requisite for learning were expressed

verbally in the law ability version, which required the student to answer

questions about each association.

An example of this difference may be seen in the Scientific Notation

program. To learn to write numbers in scientific notation, the high ability
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students were shown one worked example, wifh no verbal explanation of the

procedures involved. The students were asked to observe the procedures and

then to work an example in their workbook; responses to the example indicated

whether correct learning associations were being made. In contrast, the

version for low ability students included questions about specific asso-

ciations, e.A., placing decimal points, counting zeros, writing correct

arithmetic symbols, and writing exponential forms.

The reader should not assume that associations were never pointed out

in the Version A and that associations vere always explained in Version B.

The distinction between the two programs is that, in gme7al, Version A

placed the responsibility for finding the necessary associations upon the

student, while Version B pointed to associations which were to be learned.

In a word, Version B was considerably more directive than Version A,.

For both versions, preparation of the Original Program (p') involved

writing the script, preparing visuals, writing the student workbook,

developing Measure Y
11

recording the script, and synchronizing the media;

this last step was carried out, in all programs, by the Team Intern. As an

aid to the programmer, a worksheet was devised and is presented in Figure

4. Also devised was a form for the specification of visuals or slides; this

form is presented in Figure 5.

The Original Program, p*, was revised after it had been administered

once. This revision was made in light of the following evidence: an

item analysis of student responses; statistical analysis, and observations

made by the program administrators during the actual administration,

a note made of the particular time in a program when students were having

difficulty understanding directions.
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Program:

Figure 5. Slide specification dheet

5.41NIMIIMI 42 Spaces --------)

16

Lines

Production Method:

Slide No.

9

Lines

24-53Zer[STANDARID

Number and letter size: 1) Standard

2) As large as possible

3) Other

Special effects:

(Specify)

Number of copies:

Review and Critique of slide (Suggested revisions):
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The First Revision (p"), thus, represented changes in the script,

workbooklet, and slides. These changes necessitated the preparation of a

new measure, Y2, as well as the synchronization of the revised recording

and slides for actual presentation. The procedures involved in the prepara-

tion of the Second Revision (pw) and its measure (r3) were identical to

those followed in the preparation of p".

For a discussion of the procedures specific to a particular program,

the reader is referred to Part III of this report. Therein are presented

examples of programs with their corresponding measures.

Procedures

The procedures detailed below were followed for the development and

experimental study of each of the four instructional programs. For the

sake of clarity, the procedutal descriptions have been stated in terms of

the administration of one of these instructional programs.

The scientific generality of these procedures is limited to the

respective population of subjects described above. The reader is reminded

that the major purpose of the experimentation was to develop a method for

writing and revising instructional programs, and this purpose was not

undermined by the generalizability liwitation imposed by the sampling tech-

niques used.

Design

The experimental design for each of the four studies associated with

the development of the versions of the four instructional programs is

presented in Table 1. It can be considered as a 2
2
factorial design in

which the two factors are Ability Level and Program Version. The
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Administration Levels 1, 2, and 3 indicate the sequence of the exDerimental

administrations; at each level, measures of learning progress (Y1, Y1, and Y3)

were obtained as integral parts of the Instructional programs.

Administration of the Studies

The steps for the administration of the studies, as defined by the

experimental design (Table 1), are as follGws:

Step 1: Subjects were randomly assigned to Groups I., 2, 3, and 4 (as defined

by the experimental design) and within the levels DI! ability estab-

lished by the median score of the total group on the NIthematics

Section of the STEP. Each group then consisted of 12 subjects and

some "extras" who were designated as alternates to cover contin-

gencies, such as absences. Each of the four groups (1, II, III,

and IV) were composed, thus, of a) three low ability subjects

designated to receive Version A of the Original Program (p');

b) three low ability subjects designated to receive Version B of

the Original Program (p'); c) three high ability subjects designated

to receive Version A of the Original Program (p'); and d) three

high ability subjects designated to receive Version B of the

Original Program (p').

Step 2: The versions of pl were administered to Groups I and III

(Administration 1), and observations Y
1
were obtained.

Step 3: Data, obtained from Y
1,

was subjected to analysis of variance and

item analysis.

Step 4: On the basis of results from Step 3 and the experience of the

administrators in Step 2, p' was revised, p".



Step 5: Group I was instructed by the versions of the First Revision, I)",

and observations Y
2
were obtained. Groups II and IV were instructed

by the versions of p' and observations Y1 were obtained. Group III

was instructed by the versions of the First Revision, p"; no

observations were obtained at this time.

Step 6: Data, Y9 and Y1, were subjected to analysis of variance and item

analysis.

Step 7: On the basis of results from Step 6 and from the administrators'

experience in Step 5, the versions of p" were re-revised, p`11.

Step 8. Groups I and II were instructed by the versions of pm, and obser-

vations Y
3
were obtained. Measure Y

2
was administered to Group III.

Group IV wan instructed by the versions of , and observations

Y were obtained.

Step 9: Data, Y3 and Y2, were subjected to analysis of variance.

Administration of a Program

The procedures described in this section were followed in the adminis-

tration of each program.

Step 1: The equipment was set up and workbooks were placed at each student's

desk prior to the arrival of the students.

Step 2: One of the administrators explained the following points to the

ztudents:

1. The participation of the students was needed to assess the

effectiveness of a program, that is to say, the quality of

student responses would serve as an indicator of the clarity

with which a concept was conveyed.

2. A brief explanation of the presentation format was given,
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included was a description of the relationdhip among the recorded

script, the visuals, and the wofkbook.

3. Theuse of a "cricket" sound effect was explained, so that the

students understood that the effect was a signal to turn to a

problem in the workbook.

4. The students were asked to do their best and to maintain the

pace of the program, even if they had not finished a workbook

item.

Step 3: The program was then begun; the tape was stopped after each

"cricket" sound effect and was restarted when most of the students

had finished that workbook item.

Step 4: The appropriate measure was administered; in most instances, the

students were moved to another room to complete the measures so

that the administration of another program could be started in the

large-group room; a sufficient amount of time was allowed for each

student to complete the measure.

When a problem in mechanical operation was encountered (1.1., the

synchronization of slides and tapes failed, or a proir:tor bulb burned out),

the entire program was stopped until the fault was corrected; if several

minutes were needed to make the correction, a short explanation was given.

A typical administration schedule may be seen by consideration of

Administration 2 of the programs:

2:00 - 2:20 p'A

2:20 - 3:00 p'B

3:00 - 3:20 p"A

3:20 - 4:00 p"B.
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Statistical Analysis

The statistical hypothesis under consideration stated that a statistical

interaction would be observed between the Ability and Program factors.

Although the experimental design suggested the plausibility of several

interaction prototypes, three were considered relevant to the results.

The first relevant prototype is represented in Figure 6. The expectation

in this situation was that the performance of the high ability students would

not differ between versions, while the performance of low ability students

would be higher on Version B. The expected lack of difference in the

performance of high ability students between versions may be attributed to

maximum achievement resulting from a) their high ability, and/or b) the

simplicity, from the students' point of view, of the concepts to be learned.

The second prototype differs from the first with respect to the high

group. Here the performance of the high ability students was expected to

:be lower on Version B than on Version /I, as depicted in Figure 7. This

difference may be considered attributable to lack of stimulation or motivation

in Version B, since it seemed reasonable to assume that the high ability

students should perform equally well on both versions.

The third interaction prototype is shown in Figure 8. In ehis case,

the performance levels of both ability groups increased on Version B. This

prototype could be interpreted to imply that the directive approach of

Version B is required for the high ability students, as well as the low

ability students.

It should be noted that the material presented in all programs hovered

at a level of difficulty considerably above the low ability group. Therefore,

it was expected that a ceiling effect, similar to that occurring with the
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Figure 6. First interaction prototype

High

Low

i

Version A

Figure 7. Second interaction prototype

High

Low

I -I-

Version A B

Figure 8. Third interaction prototype

High

Low

I

Version A B
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high ability group in the first prototype, would not be achieved by the low

ability group.

The statistical teanique used to investigate the interaction of Ability

and Program was the analysis of variance (Hiner, 1963). The following

description of the several analyses within each experiment applies to each

of the four experiments, with.the exceptions noted.

-Two preliminary analyses were done to aid the programmer in revising p'.

The first involved the pooling of the Yl data from Groups I and III at the

first administration; the Y data from Groups II and IV at the second
1

administration were pooled for the second analysis. In each instance, the

data were subjected to a 2 x 2 analysis of variance with Ability and Program

as the two factors. The results of these analyses are presented in Appendix B.

Analysis 1 focused on the Y
1
data from the four groups. Like cells,

e.g., high ability students who saw Version A, were combined, and a 2 x 2

analysis of variance was used with Ability and Program as the two factors.

Analysis, 2 pooled the Y2 data from Group I and the Yi data from Group 2

at Administration 2. Prior to pooling, the scores within each group were

transformed to normalized standard scores with a mean of 50 and a standard

deviation of 10, because the measures Y
1
and Y

2
could not be assumed to yield

equivalent raw scores. A 2 x 2 analysis of variance was then used with Ability

and Program as the two factors.

In Experiment 1, the data was considered complete enough to allow the

replication of the same analysis with the Y2 data from Group III and the Yl

data from Group I. -Thus, in that experiment this replication was called

Analysis 2A.

In Analysis, 3, die Y3 data from Group /I and the Y2 data from Group IV

at Administration 3 were pooled after the raw scores within each group were
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transformed to normalized standard scores with a mean of 50 and a standard

deviation of 10. The data were then submitted to a 2 x 2 analysis of variance

with Ability level and Program as the two factors. This analysis was not

included in Experiment 4 because of insufficient data.

Analysis, 3A followed the procedures of Analysis 3, except that the Y
3

data from Groups I and II and the Y2 data from Groups III and IV were used.

It should be noted that the Y
3

data were transformed into one distribution

of normalized standard scores, and the Y2 data into another in Analysis 3A.

This analysis was feasible in Experiment 1 only.

Analysis, 4 submitted the Y3 data from Groups I and II to a 2 x 2 x 2

analysis of variance with Ability, Program, and Group as the three factors.

This analySis was not included in Experiment 4 because of insufficient data.

The exploratory nature of this project indicated that trends should be

noted. Thus, the means of interactions significant at the .25 level or less

were investigated by means of the Newman-Keuls method (Winer, 1963) at the

.05 level, the tables for these analyseslappear in Appendix D.



Chapter IV

Experimentation:
Results and Discuasion

Results
*

Experiment 1

Analysis 1. The analysis of variance of the Yl data revealed that

1) an interaction occurred between Ability and Program, and 2) Ability level

was a statistically significant factor (.01 level), as shown in Table 2. The

application of the Newman-Keuls method to the cell means, shown in Table 3,

showed differences, significant at the .05 level, 1) between the high and low

ability students,who viewed Version A, and 2) between the high ability students

who viewed Version B and the low ability students who viewed Version A. The

graph of this interaction is shown in Figure 9. On the basis of these results,

the following interpretations seem tenable for Experiment 1 - Analysis 1:

1. the high ability groups performed equally well on both versions,
and

2. the high ability group performed better than the low ability
group on the version written for the high ability group,
i.e., Version A.

Analysis, 2. Table 4 presents the results of the analysis of variance of

the Y2 data from Group I pooled with the Yl data from Group II. The main

effects of Ability level and Program were significant at the .001 and .05

levels respectively. The cell means for the Ability level X Program interaction

are presented in Table 5, and a graphical representation appears in Figure 10.

*
The raw data upon which the results are based appear in Appendix A.
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Table 2. Experiment 1 - Analysis 1: Results of the analysis of variance
of the Y

1
data

Source of Variation SS df HS

Ability level 134.137 134.137 13.833a

Program 3.843 1 3.843 .396

Ability level
X Program 15.362 1 15.362 1.584

b

Error 504.244 52 9.697
Total 657.586 55

asignificant at the .01 level
bsignificant at the .25 level

Table 3. Experiment 1 - Analysis 1:
Cell means based on

obtained scores

A
G

H
L

I L
T 0
-Y. W

indicates significant difference
between means

6

4

2

slab

Figure 9. Graph of the
AbIlity.level X Pro-
gram interaction

Low

High

A
Version



Table 4. Experiment 1 - Analysis 2: Result4 of the analysis of variance

of the Group 1 (Y2) - Group II (il) data

Source of Variation SS df1 MS

Ability level 308.812 1 308.812 21.629a

Program 92.602 1 92.602 6.614
b

Ability level
X Program 37.677 1 37.677 2.691c

Error 1991.663 23 14.000

Total 2424.754 26

asignificant at the .001 level

bsignificant at the .05 level

°significant at the .25 level

1In addition to the usual procedure of subtracting one df for fhe

grand mean, one df was subtracted when a cell entry was estimated

by using the mean of the cell.

Table 5. Experiment 1 - Analysis 2:
Cell means based on the pooling
of normalized standard scores

PROGRAM VERSION

A B

A I

B G
I H

I L
T 0
Y W

52.226 53.542

43.239 49.286

4.--> indicates significant difference
between means

Figure 10. Graph of the
Ability level X Pro-
gram interaction
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The following differences were significant at the .05 level (Newman-

Keuls): 1) the difference between the high and law ability students who

viewed Version A; 2) the difference between the high ability students whe

viewed Version B and the low ability students who viewed Version A; and

3) the difference between the law ability students who viewed Version A

and the law ability students who viewed Version 114

The findings in Experiment 1 - Analysis 2 suggest that:

/. the high ability students performed equally well
on both versions (1 and B);

2. the high ability students performed better than
the low ability students on Version A:

3. the low ability group performed better on Version
B, the program written for them, than did the low
ability students who viewed Version A; and

4. the revision may have been a contributing factor
in the appearance of Program as a significant ef-
fect at this point.

Analysis 2A. This analysis, based on the Y2 data from Group III pooled

with the Y
I
data from Group IV, was similar to Analysis 2 in the following

ways: 1) Group III, like Group I, viewed p' prior to seeing p", and 2)

Group IV and Group II viewed p' together at Administration 2. However,

while Group I completed Measure Y2 immediately after vlewing p", Group III

completed Measure Y
2
one week later. It would be expected that the results

of Analysis 2A would approximate the results obtained in Analysis 2.

However, inspection of Table 6 reveals that statistical significance was

found for Ability effects in the present analysis, while Program and the

interaction of Ability and Program were also significant in Analysis 2.

Although other operational sources of variance, e.1., differing dependent

measures, could explain this difference between analyses, it could be

hypothesized that retention effects contributed to the different results

obtained.



Table 6. Experiment 1 - Analysis 2A: Results of the analysis of variance
of the Group III (72) - Group IV (Y') data

Source of Variation SS

almompr .1,1=1

df1 MS

Ability level 1490.660 1 1490.660 12991a

Program 144.918 1 144.918 1.263 .

Ability level
X Program 19.723 1 19.723 .172

Error 2639.052 23 114.741
Total 4294.353 26

asignificant at the .01 level

lIn addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.

Analysis 3. The data involved in this analysis were-obtained by poOling

revision measures Y
3
and Y

2
from Groups II and IV respectively; both groups

had seen pl prior to viewing a revision. Observation of Table 7 reveals

that the Program effect was significant at the .01 level. Analysis of the

cell means involved in the Ability level X Program interaction, as shown.

in Table 8, showed differences, significant at the .05 level, 15 between

the high and low ability groups who viewed Version A, 2) between the high

ability students who viewed Version B and the low ability students who

viewed Version A, and 3) berween the low ability students who viewed Version

A and the low ability students who viewed Version B. Figure 11 precents

this interaction graphically.
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Table 7. Experiment 1 - Analysis 3: Results of the analysis of variance

of the Group II (Y3) - Group IV (Y2) data

Source of Variation SS df1 MS

Ability level 162.241 1 162.241 2.785b

Program 558.036 1 558.036 9.579a

Ability level
X Program 160.321 1 160.321 2.752b

Error 1339.906 23 58.257

Total 2220.504 26

asignificant at the .01 level

bsignificant at the .25 level

1In addition to the usual procedure of subtracting one df for the

grand mean, one df was subtracted when a cell entry was estimated

by using the mean of the cell.

Table 8. Experiment 1 - Analysis 3:
Cell means based on the pooling
of normalized standard scores

PROGRAM VERSION

A

50.000

1.

54.214

40.471 54.186

indicates significant difference
between means
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On the basis of these results, the following interpretations seem

tenable for Experiment 1 - Analysis 3:

1. the high ability groups performed equally well on both
versions (A and B);

2. when compared with low ability students who viewed Version
A, low ability students who viewed Version B performed better;

3. Version A appeared better suited for the hiih ability
students than for the low ability students; and

4. the revision procedures may have increased the difference
between the programs, as evidenced in the significant
Program effect.

Analysis, 3A. The completeness of the data gathered in Experiment 1

allowed an extension of Analysis 3 to include the pooling of the Y3 data

from Group I and Group II and the Y2 data from Group III, the retention group,

and Group IV. The analysis of variance, summarized in Table 9, indicated

1) a significant interaction between Ability and Program, and 2) significant

main effects for Ability level and Program. Table 10 and Figure 12 show

the interaction cell means tabularly and graphically. Analysis of these

means yielded differences, significant at the .05 level, 1) between the high

and low ability &amps who viewed Version A, 2) the high ability students

who viewed Version B and the low ability students who viewed Version A,

and 3) the low ability students who viewed Version A and the law ability

students who viewed Version B. These results support the interpretation of

the Analysis 3 results presented above.

Analysis 4. Presented in Table 11 are the results of the 2 x 2 x 2

analysis of variance of the Y3 data. The following sources of variance were

identified as significant: the Ability level X Program interaction, the

Program X Group interaction, Group, and Program.
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Table 9. Experiment 1 - Analysis 3A: Results of the analysis of variance

of the Y
3

- Y
2
data from Administration 3.

11

Source of Variation SS df1 MS

Ability level 288.926 1 288.926 5.096b

Program 1130.403 1 1130.403 19.938a

Ability level
X Program 170.103 1 170,103 3.000c

Error 2891.426 51 56.695

Total 4480.858 54

asignificant at the .001 level
bsignificant at the .05 level
csignificant at the .10 level

1In addition to the usual procedure of subtracting one df for the

grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.

Table 10. Experiment 1 - Analysis 3A:
Cell means based on normalized

standard scores

PROGRAM VERSION

A

A I
B G
I H

I L
T 0
Y W

49.114 54.614

41.085 4 >53.557

indicates significant difference

between means

Figure 12. Graph of the
Ability level X Pro-
gram interaction
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Table 11. Experiment 1 - Analysis 4: Results of the 2 x 2 x 2 analysis

of variam,e of the Y
3
data from Group I and Group II

Source of Variation SS
1

df NES F

Ability level 12.500 1 12.500 2.426

Program 91.125 1 91.125 17.687a

Group 50.000 1 50.000 9705b

Ability level
X Program 12.500 1 12.500 2426d

Ability level
X Group 3.125 1 3.125 .606

Program
X Group 32.000 1 32.000 --' 6.211c

Ability level
X Program
X Group 3.125 1 3.125 .606

Error 118.500 23 5.152
Total 322.875 30

asignificant at the .001 level
bsignificant at the .01 level
csignificant at the .05 level
dsignificant at the .25 level

1In addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.



The Newman-Keuls analysis of the Ability level X Program interaction

cell means (Table 12) revealed differences, significant at the .05 level,

1) between the high and low ability students who viewed Version A, 2) between

the high ability students who viewed Version A, and 3) between the low ability

students who viewed Version A and the law ability students who viewed Version

B. The graph of this interaction is presented in Figure 13.

The Newman-Keuls analysis of the Program X Group interaction cell means

(Table 13) revealed differences, significant at the .05 level, 1) between

Group I and Group II on Version& 2) between the Group I students who viewed

Version B and the Group II students who viewed Version A, and 3) between the

Group II students who viewed Version A arid the Group II students who viewed

Version B. The graph of this interaction is presented in .Figure 14. Consider-

ation of this analysis in relation to the preceding analyses suggests that a

greater amount of practice and exposure decreases the difference in difficulty

level between the two versions. On the one hand, the Group I subjects, who

had seen p' and p" prior to viewing p'", perforwed equally well on both

versions; on the other hand, the Group II subjects, who viewed p' and pm,

performed relatively poorly on Version A, but at a level comparable to Group I

on Version B. The significant main effect for the group factor was attributed

to sampling error, since the groups were assigned randomly.

On the basis of these results, the following interpretations seem

tenable for Experiment 1 Analysis 4:

1. the high ability students performed equally w11
on both versions (A and 1)1

2. low ability students performed better on Version B,
the program written for them, than a similar group
performed on Version A;

3. the high ability students performed better than the
low ability students on the version written for high
ability students, i.e., Version ,A; and
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Table 12. Experiment 1 - Analysis 4: Figure 13. Graph of the
Cell me:4ts based on obtained scores Ability X Program

--Ability X Program interaction interaction

PROGRAM VERSION

A

4.25 8.889

4-4 indicates significant difference
between means

Table 13. Experiment 1 - Analysis 4:
Cell means based on obtained scores

--Program X Group interaction

10

8

6

4

2

High

Low

A
Version

Figure 14. Graph of the
Program X Group

interaction

PROGRAM VERSION 10-
A I B' 8 -

6 -GI 7.75 9.125
It 4 -
0

P II 3.25 > 8.625
2 -

0 -

4.4 indicates significant difference
betWeen means
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the difference in difficulty level between the
two versions may be Aecreased by increasing the
amount of practice and exposure:

Experiment 2

Analysis 1. The analysis of the pooled Yl data revealed an interaction

between Ability and Program, as well as significant main effects for Ability

and Program (.01 and .05 levels respectively). The reader is referred to

Table 14 for a summary of the analysis of variance, to Table 15 for a presen-

tation of the interaction cell means, and to Figure 15 for a graphical

representation of the interaction. The Newman-Keuls analysis of the cell

means showed differences, significant at the .05 level, 1) between the high

and low ability students who viewed Version A, 2) between the high ability

students who viewed Version B and the low ability students who viewed Version

A, and 3) between the low ability students who viewed Version A and the low

ability students who viewed Version B.

The results of Experiment 2 - Analysis 1 suggest that:

1. the high ability students performed equally
well on both versions (ti and B);

2. the low ability group performed better on the
version written for them (Version B); and

3. the high ability students performed better than
the low ability students on the version written for
high ability students (Version A).

Analysis 2. The analysis of the pooled Y2 and_Y/_data from Groups I

and II yielded a significant main effect for Ability (.05 leven as shown

in Table 16.

Analysis 3. When the Y3 data for Group II and the Y2 data for Group IV

were pooled, a significant main effect was observed for the Program factor

(.01 level), as indicated in Table 17. Such a difference, in general,

indicates that one version, usually Version A, is more difficult than the

other.
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Table 14. Experiment 2 - Analysis.1: Results of the analysis of variance
of the 71 data

Source of Variation SS dfl MS

Ability level 34.4039 1 34.039 8909a

Program 22.703 1 22.708 5.943b

Ability level
X Program 10.579 1 10.579 2.769c

Error 187.218 49 3.821
Total 254.544 52

asignificant at the .01 level
bsignificant at the .05 level
csignificant at the .25 level

1In addition to the usual procedure of subtracting one di for the
grand mean, one di was subtracted for each of three cell entries
estimated by using the mean of the cell.

Table 15. Experiment 2 - Analysis 1:
Cell means based on
bbtained scores

indicates significant difference
between means

9

8

7 -

6

Figure 15. Graph of the
Ability level X Pro-

gram interaction

High

Low

Version



Table 16. Experiment 2 - Analysis 2: Results of the analysis of variance
of the Group I (Y2) - Group II (Y/) data

Sourde of Variatioh SS df
1

MS

Ability level 472.321 1 472.321 5512a

Program 79.566 1 79.566 .929

Ability level
X Program 19.892 1 19.892 .232

Error 1713.789 20 85.689
Total 2285.568 23

asignificant at the .05 level

1
In addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted for each of four cell entries
estimated by using the mean of the cell.

Table 17. Experiment 2 - Analysis 3: Results of the analysis of variance
of the Group II (Y3) - Group IV (Y2) data

Source of Variation SS dfl MS

Ability level 2.813 1 2.813 .052

Program 597.325 1 597.325 11.144a

Ability level
X Program 13.945 1 13.945 .260

Error 804.016 15 53.601
Total 1418.099 13

asignificant at the .01 level

1
In addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.
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Table 18. Experiment 2 - Analysis 4: Results of the 2 x 2 x 2 analysis
of variance of the Y3 data from Group I and Group II

Source of Variation SS df 11S

Ability level 13.140 1 13.140 3.737a

Program 6.890 1 6.890 1.960

Group 1.265 1 1.265 .359

Ability level
Y: Program 2.642 1 2.642 .751

Ability level
X Group 3.517 1 3.517 1.000

Program
X Group .392 1 .392 .111

Ability level
X Program
X Group .138 1 .138 .039

Error 28.125 8 3.516
Total 56.109 15

asignificant at the .10 level

Analysis 4. The results of the 2 x 2 x 2 analysis of variance of the

Y
3
data appear in Table 18. Ability level was identified as a factor

significant at the .10 level. This result tends to agree with the results

of Analysis 2, for the same groups were involved in both analyses.
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Experiment 3

Analysis 1. The analysis of variance of the Y
1
data revealed 1) an

interaction between Ability and Program, and 2) a main effect for the Ability

factor significant at the .10 level. These results appear in Table 19. When

the Newman-Keuls technique was applied to the cell means (Table 20),

differences significant at the .05 level were located 1) between the high

and low ability students who viewed Version A, and 2) the high ability students

who viewed Version B and the low ability students who viewed Version A. This

interaction is graphed in Figure 16.

These results appear to be contingent upon the nature of the Original

Program p'. When the topic, the graphing of inequalities, was selected for

this experiment, it was presumed that the students would be familiar with

linear graphing procedures. In actuality, the students' responses indicated

that an intensive review of linear graphing was needed. Thus, the significant

difference in ability level probably reflects the ability to handle novel

situations or to recall some of the procedures involved in linear graphing.

Analysis 2. When the Y2 data from Group I were pooled with the Yi data

from Group II, the analysis of variance revealed a significant main effect

(.05 level) for Ability, as shown in Table 21.

Analysis 3. Table 22 shows the results of the analysis of variance of

the Y3 and Y2 data from Groups II and rit respectively. Ability level was

identified as a main effect significant at the .001 level.



Table 19. Experiment 3 - Analysis 1: Results of the analysis of variance

of the Y
1
data

Source of Variation SS dfl ms

AMIIII110

Ability level 19.255 1 19.255 3.467a

Program 2.750 1 2.750 .496

Ability level
X Program 11.158 1 11.158 2.014

b

Error 271.453 49 5.540

Total 304.616 52

asignificant at the .10 level
bsignificant at the .25 level

1In addition to the usual procedure of subtracting one df for the

grand mean, one df was subtracted for each of three cell entries

estimated by using the mean of the cell.

Table 20. Experiment 3 - Analysis
Cell means based on
obtained scores

1: Figure

4

3

2 -

1

16. Graph of the
Ability level X Pro-

gram interaction
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PROGRAM VERSION

A I 1)

A I
B G
I H

3.500 3.988

I 0
Yw 1.179 2.470

indicates significant difference
betwen means
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Table 21. Experiment 3 - Analysis 2: Results of the analysis of variance
of the Group I (Y

2
) - Group II

1
) data

Source of Variation SS dfl NS

Ability level 275.538 1 275.533 4.270a

Program 52.783 1 52.768 .818

Ability level
X Program .008 1 .008 .000

Error 1613.179 25 64.527
Total 1941.513 26

asignificant at the .05 level

'In addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted for each of three cell entries
estimated by using the mean of the cell.

Table 22. Experiment 3 - Analysis 3: Results of the analysis of variance
of the Group II (r3) - Group IV (Y2) data

Source of Variation SS dfl NS

Ability level 1020.510 1 1020.510 19924a

Program 136.804 1 136.804 2.671

Ability level
X Program .511 1 .511 .010

Error 973.165 19 51.219
Total 2130.990 22

asignificant at the .001 level

lin addition to the usual procedure of subtracting one df 'for the

grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.



Analysis 4. The results of the 2 x 2 x 2 analysis of variance are

presented in Table 23. The Program X Group interaction proved to be signifi-

cant at the .10 level, and a significant main effect (.10 level) was observed

for the Ability level factor. The Newman-Keuls analysis of the Program X Group

interaction cell means (Table 24) revealed no difference significant at the

.05 level.

Experiment, 4

Analysis 1. The analysis of variance of the pooled Y
1
data indicated

a significant main effect (.01 level) for the Ability factor, as shown in

Table 25.

Analysis 2. Table 26 presents the results of the analysis of variance

of the Y
2
data from Group I and the Y

1
data from Group II. A significant

main effect for the Ability factor was observed at the .01 level. The cell

means for the Ability level X Program interaction are presentctd in Table 27,

and a graphical representation appears in Figure 17. Analysis of these means

yielded differences, significant at the .05 level, 1) between the high and low

ability groups who viewed Version A, 2) the high ability students who viewed

Version B and the law ability students who viewed Version A, and 3) the low

ability group which viewed Version A and the similar group which viewed

Version B.

Although the data were somewhat sparse in this analysis, the following

tentative interpretations may be noted for Experiment 4 - Analysis 2:

1. the high ability groups displayed an even performance
level across versions;

2. the high ability students performed better than the low
ability students on the version written for high ability
students (Version b); and

3. Version A seemed better suited for the high ability
students than for the law ability students.



Table 23. Experiment 3 - Analysis 4: Results of the 2 x 2 x 2 analysis

of variance of the Y3 data from Group I and Group II

Source of Variation SS

Ability level 25.011

Program 12.761

Group 14.261

Ability level
X Program .510

Ability level
X Group 3.760

Program
X Group 21.093

Ability level
X Program
X Group

Error

4.594

97.500
Total 179.490

dfl HS

1 25.011 3848a

1 12.761 1.963

1 14.261 2.194

1 .510 .078

1 3.760 .578

1 21.093 3.245a

1 4.594 .707

15 6.500

22

asignificant at the .10 level

1In addition to the usual procedure of subtracting one df for

the grand mean, one df was subtracted when a cell entry was

estimated by using the mean of the cell.
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Table 24. Experiment 3 - Analysis 4:

Cell means based on obtained scores--
Program X Group interaction

PROGRAM VERSION
A

0 rmit

II

7.083 6.667

3.667 7.000

Table 25. Experiment 4 . Analysis 1: Results of the analysis of variance

of the Y
1
data

Source of Variation SS
1

df MS

Ability level 57.111 1 57.111. 8.561a

Program 9.846 1 9.846 1.476

Ability level
X Program 2.971 1 2.971 .445

Error 180.115 27 6.671

Total 250.043 30

asignificant at the .01 level

/In addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry was estimated

by using the mean of the cell.
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Table 26. Experiment 4 - Analysis 2: Results of the analysis of variance

of the Group I (Y2) - Group II (Yi) data

Source of Variation SS dfl MS

Ability level 1219.922 1 1219.922 9.8628

Program 359.552 1 359.552 2.907

Ability level
X Program 390.728 1 390.728 3159b

Error 1855.428 15 123.695

Total 3825.630 18

asignificant at the .01 level
bsignificant at the .10 level

1In addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.

Table 27.
Cell

Experiment 4 - Analysis 2:
means based on normalized

standard scores

Figure 17. Graph of the
Ability level X Pro-

gram interaction

HighPROGRNM REVISION

A
55 --

A
45.- Low

54.440 54.080
I G 35_

I L
T 0 29.980 47.300
Y W

+.--* indicates significant difference
between means
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Discussion

Ctice statistically significant interactions resulted in several

analyses in the different experiments, the investigators have concluded

that the program treatment differentially affected the learning of students

at different ability levels. The data supporting this conclusion are

shown in the recarring pattern of learning outcomes and may be summarized

as follows:

1. the high ability students performed equally well on
Versions A and B,

2. in the case of Version A, the high ability students
consistently performed at a higher level than did the

low ability students, and

3. in most instances, the low ability students performed
better on the program written for them, i.e., Version B,
than did the low ability students who viewed Version A.

The consistent performance of the high ability students is not sur-

prising. Most placed in the upper quartile on the STEP. In addition,

ceiling effects due to either the elementary nature of the introductory

topics and/or maximum learning may have accounted for their performance.

The difference in the performance of the high and low ability groups on

Version A was anticipated, since pupils were divided with respect to the

ability criterion. This division became evident in the experimentation

when Ability level appeared repeatedly as a significant main effect.

The improved performance of the low ability group on Version B, to- .

gether with the points just made, suggests the apparent need for at.least

two versions of programs in presenting many instructional topics. The sig-

nificant main effect for the Program factor, which resulted in several anal-

yses, shows that it is possible to write differing versions within one topical

area such that the learning progress of students is differentially affected.
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The specific diffekedces oi the two types of programs used in the Program

treatments are summarized in koldodt A. The type of Priagram treatments

hypothesized to efficiently add ekfectively facilitate the iearniog of

students of relatively high abilitY differ significantly from the Program

treatments hypothesized to efiitiently and effectively facilitate fhe learning

of students of rólativeiY lds4 ability. These empirically demonstrated differ-

ences are as foliows:

14 The average length of time of the recorded scripts for Version A

was 4.3 minutes while the average time for Version B was 9.4

minutes.

2, The average number of 2 x 2 slides used was 13 slides in Version A

and 30 slides in Version B.

The average number of response items in fhe student workbook for

Version A was 7 items, while for Version B the average number was 18.

4. The average number of program stops needed for students to complete

workbook exercises was 5 stops for Version A and 16 stops for

Version B.

These observations strongly suggest that any future applications of the

programs developed in this project should involve careful consideration of

the student group or groups who will receive the instruction.



FOL DOU.

Summary of Progra

EXPERIMENT 1 EXPERIMENT 2
System Without Numbers GraScientific Notation

CHARACTERISTIC ---El
11 ELL_

A B A B A B
I. Program Lengths and Stops:

1. Minutes of script as tape recorded

2. Minutes for classroom operationa

3. Number of workbook stops

II. Visual Ditplays:

4. Number of 2 x 2 slides

5. 16 =movie film

III. Student Learning Materials:

6. Worids^oks

7. Number of response items

8. Number of items in post-test

9. Manipulatable materials

/V. Administrations:

10. Number of times program was
administered

11. Number of students participating
in the administrations

1.5

4.2

7.1

16.8

1.8 8.9 1.8 9.7

2 14 2 15 2 17

6 30 6 23 6 26

1 1 1 1 1 1

4 19 4 20 4 22

10 10 10 10 10 10

2 2 2 2 1 1

28 28 19 19 15 16

_21_
A B

_PIL..._
A B

._._P_112._._...
A B

6.5 10.5 5.9 11.7 6.1 11.7

6 15 4 15 3 15

11 28 20 37 15 37

Three movie clips for each version and
each administration of Experiment 2

1 1 1 1 1 1

13 19 11 19 7 19

10 10 13 13 13 13

Cardboard rectangle and base diagram
for each student for each version and

administration in Experiment 2

2 2 2 2 1 1

28 25 16 13 11 9

10 18

19 32

1 1

14 18

9 9

2

28 26

aThese time lengths include recorded script, automated display changes, and students' workbook responses.
Only two observations of this total operational time were obtained due to practical difficulties;
Rough estimates may be made by considering number of displays and number of response items.

bThe p'" programs of Experiment 4 were not administered due to conflicts of activities in the school
calendar and schedule.

Note : 1) p' designates the administration of the first version (i.e., original programs A and a)
of the program; p" designates administration of the second version (i.e., resulting from
first revisions); and p'" designates administration of the third version (i.e., resulting
from second revisions).

2) A designates Versions the programs prepared for learners of relatively high ability.
B designates Versions B, the programs prepared for learners of relatively low ability.
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L DOUT A

rogram Cha racteristics

EXPERIMENT 3
Graphing of Inecjuajities

EXPERIMENT 4
/nequalities and the Number Plane Versions A:

SUMMARY TOTALS
12 Programa Versions B: 12 Programs

p_111..._
sun Aysms

4.3

sit

112.4

Average,

9.4

A B A B A B A B A B A

10.35.4 8.7 5.5 8.9 4.9 9.2 3.2 6.8 4.1 8.8 4.7 51.4

10 18 8 16 5 17 4 13 4 15 4 16 54 4.5 186 15.5

19 32 19 25 21 32 11 27 11 30 12 31 157 13.1 358 29.8

1 1 1 1 1 1 1 1 1 1 1 1 12 1 12 1

14 18 10 16 6 17 4 12 4 15 4 15 85 7.1 211 17.6

9 9 11 11 11 11 7 7 7 7 7 7 118 9.8 118 9.8

2 2 2 2 1 1 2 2 1 1 18 1.5 18 1.5

28 26 17 17 12 14 18 25 7 7 199 16.6 199 16.6
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Chapter V

Outcomes: Discussion, Conclusions and

Recomnendations

The purpose of this chapter is to summarize fhe achievements of

the project. These considerations involve a review of the general nature

of the project intentions, the presentaticn of the conclusions arising

from the developmental and euperinehtal work, and the discussion of recom-

mendations concerning the use ahd investigation of multimedia instruc-

tional resources in the high school classroom. It should be noted that

the generality of these considerations is limited to projects similar

to the one reported in this volume, which, of course, -only deals with

one particular approach to multimedia instruction and concerns only a

small portion of the field of audio-visual techniques.

Project Intentions and Resulting Products

The initial conception and plan of the project was motivated by the

desire to investigate the processes whereby a new automated multimedia

teaching system could be effectively assimilated into the instructional

repertoire of a rural high school. As observed in the foregoing pages,

this objective involved three basic activities: a) the use of selected

techniques of multimedia instruction, b) the application of selected

principles of programed learning, and c) the instructional analysis and

experimental investigation of selected topics of the mathematics

curriculum

The conduct of these activities was intentionally undertaken with-

in the restricted set of circumstances defined by a) involving only a
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single classroom group (numbering 60 to 65 students) for experimenta-

tion, b) using only units of learning material in mathematics which

could be completed by all learners within a 25-minute period, and c)

programing topics which appeared within the existing curriculum and

instructional sequence. By performing research work within these limi-

tations, it was hoped that the products and results of the research would

have immediate utility for existing curriculum and instructional prac-

tices. In particular, it was hoped that the resulting programed multi-

media units

1. would be immediately usiabie by the classroom teacheis;

2. would facilitate student learning by increasing the individuali-

.zation of instruction; and

3. would stimulate further curriculum developments and revisions.

The classroom evaluation of the developed programs was structured

according to the requirements of an experimental design. The application

of the design was important for two general reasons: a) it allowed the

meaningful evaluation of the measurements of student learning, and

b) it focused sharply on the need for precise preparation of programs,

smooth coordination of materials and equipment for media presentation,

and careful construction of learning materials used by the students.

Resulting from these several endeavors are three major products:

1. knowledge concerning the assimilation of new multimedia tech-

nology into the high school classroom and the effective use

of this technology;

2. guidelines for the preparation of programed multimedia instruc-

tional units; and
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3. eight tested multimedia programs ready for use in the high

school classroom.

The knouledge acquired reveals the feasibility and effectiveness with

uhich multimedia instruction can be developed within the context of

existing classroom practices and curriculum patterns. The specific

details of fhis finding are contained in the previous chapters and are

summarized in the conclusions presented in the next section. The guide-

lines resulting from the research efforts are presented as the Checklist

in Part II of fhis report. It is hoped that the Checklist will stimulate

and facilitate the work of others who engage in the development of

programed units. The eight programs produced are partially presented

in.Part III of this report. The final forms of these programs have been

packaged independently of this report and include the fully programed

tape recording, correctly ordered visuals ready for machine loading,

the accompanying Student Workbook, and a copy of the complete Program-

ing Layout and Worksheet for fhe scripts and visual displays.

Conclusions

Based upon the goals, methods, and experimental outcomes of the

project, four conclusions have been reached:

1. The assimilation of new programed multimedia instruc-
tion procedures can be effectively achieved within
the existing classroom and curriculum practices. By
this means, instructional innovations evolve from
known circumstances rather than from sources less
intimately related to existing practices.

2. The development of new instructional programs should
involve members of the teaching staff. Participation
by the teaching staff is essential for insuring that
the content of the programed units fits into the
established curriculum sequence and that staff mem-
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bers become skilled in the operations of the new
techniques. Unless these conditions are fulfilled,
continued effective use of the programed units is
unlikely, and the flexibility afforded by the new
procidures will be neglected.

3. The facilitation of learning by students of rela-
tively high ability and students of relatively
low ability is most effectively achieved by the
construction of different types of programs. It

has been demonstrated that the tuo types of pro-
grams used differ with respect to the amount of
taped verbal instructions, the number of visuals
used, and the number of workbook responses re-
quired of the learners. This conclusion implies
that instruction of a heterogenous group of
students by a single multimedia program is likely
to be inefficient and ineffective in terms of
some subgroup or subgroups of students.

4. The development of a multimedia program should
proceed according to a systematic plan which in-
cludes opportunities for a) trial testing of the
program with a feu selected students, and b) pro-
gram revision on the basis of the Obtained
student responses. The results of the experimen-
tal analyses evidence the effectiveness of the
programs which undergo such revision. These
developmental procedures increase in importance
when the programs are being prepared by people
inexperienced in program development.

Recommendations

As the project staff has reviewed the overall efforts and outcomes

of the research, nine recommendations seem to be important for inter-

preting the meaning of the reported work in terms of future efforts of

a similar nature. These nine recommendations concern four areas: the

installation and arrangement of multimedia equipment in the classroom,

the involvement of members of the school staff, the planning of pro-

gram development, and the focus of further research.
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Recommendations Concerning the Selection and Location of Multimedia

Facilities

One of the first tasks undertaken was the construction of four

very short programs designed to test the operational capabilities of the

equipment which had been installed in the classroom prior to the proposal

of the project. During these early tests various advantages and disad-

vantages of the facilities were highlighted. The location of the con-

trol console in the front of the classroom was found to be very conven-

ient. This location allowed the instructor to coordinate the equipment

automated by the control console with the non-programed equipment, such

as chalkboards and overhead projector. However, it is desirable that

the console be placed so that the instructor can stand at it without

blocking the students' view of the screen. Also, it was difficult for

the instructor to help the students individually, since his presence

at the console controls was necessary. The addition of a remote stop.?

start switch on the end of a 60-foot cord allowed the instructor free-

dom to move among the students while simultaneously retaining control

of the rate of program presentation.

The large rear projection screen, shown in Photograph I (page viii),

was most advantageous. One drawback, however, was the location of the

overhead projector screen which overlapped the rear projection screen.

As this mounting was never corrected, the use of the overhead projector

was not included in the programing for the four experiments.

The automated equipment which could be controlled by the console

was initially limited, for fhe console did not allow more fhan one

projector to project a display at any given time. This feature was

modified electronically to allow the operational coordination of two
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2 x 2 slide projectors. The lenses of the 2 x 2 projectors were also

limited in size of the projected image; this limitation was corrected

by the purchase of special short-throw lenses.

Other modifications of the equipment which were noted as desirable

but not undertaken were the following: an easier method of calibration

for fhe console meters which indexed the percentage of students respond-

ing to each possible response alternative given in the workbook; a de-

vice for automatically storing student scores; a mechanism for reversing

the movement of slide and strip film machines at the control console;

and a remote control focus switch for the projectors (see Appendix F).

Based on the abnve Observations, the following recommendations

aro made:

Recommendation 1: Plans for the physical layout of the
room in which multimedia equipment will be used should
be finalized only after careful consideration of the
various types of circumstances in which the equipment
will be used; specific points to be considered include
console location, student seating arrangements, housing
of projection equipment, and equipment accessories.

Recommendation 2: Multimedia equipment should be pur-
chased after careful consideration of the extent of
flexibility needed for presentations and the feasibil-
ity of later converting or modifying the equipment to
be installed.

Recommendations Concerning School Staff Skill and Involvement in Program
Development and Operation

One of the major reasons for initiating this project was the desire

to promote and insure maximal use of the multimedia equipment. Although

various demonstrations and in-service training sessions had been held,

few staff members were skilled in the practice of program operations

and development. These circumstances were partially occasioned by the

-66-



limitations of the equipment, as described in the previous section,

but were also caused by lack of sufficient experience in the actual

process of program writing and production. Such expertise can be gained

only by systematic trial and error efforts. The assistance offered by

manufacturers is usually insufficient for staff members to gain the

needed competencies, for they have limited time and energy to devote to

the activities leading to familiarity and skill. Also, teachers are

often likely to react to the flexible capabilities of modern instructional

technology by equating diversity of operations with complexity and,

thus, come to consider the machinery quite forbidding. Failure to

fully acquaint staff with the procedures of multimedia programing will

place these resources in the role of school trophies: a source of pride in

their presence, but of little functional value.

It is important, therefore, to initiate programing projects in

cooperation with staff members who can be intimately involved and can

be given released time from classroam responsibilities. It should also

be recognized clearly that the prinary function of a teacher is teaching;

from this viewpoint, the teacher is most qualified to select topics for

program development. The involveaent of staff should be augmented by

needed expert resources from outside the school staff,.especially when

it is hoped that relatively long programs, or a series of programs,

will be developed.

The following recommendations should be considered within the per-

spective of the guidelines for program development presented in Part II

of this report:

Recommendation 3: Provision should be made to instruct
the staff in the use of the multimedia equipment and to
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provide opportunities for them to prepare trial programs

vith which they can test fheir awn shill and knowledge

in selecting suitable content topics for program develop-

ment.

Recommendation 4: Program development should be conducted

by staff members, together with any needed additional

resource people, according to a systematic plan and schedule

of activities.

Recommendations Concerning fhe Development. of Multimedia programs

A major justification for the initiation of this project was the

lack of available programs and the lack of detailed guidelines which could

satisfactorily direct fhe development of multimedia programs appropriate

for efficient and effective operation in the classroom. Too often

discussion and experience concerning program development has been re-

stiicted to those persons already experienced in this method of instruc-

tion. It was hoped that one of the results of the project work would be

the development of the needed guidelines based upon successful experiences

of the project. Detailed guidelines are presented in Part II, and fhe

related programs are illustrated in Part III. Complementary to the

specific details are several general points involved in program develop-

ment.

The first point is that the result of student participation in a

multimedia instructional program should be that the student, upon com-

pleting the program, can demonstrate that he has learned something which

he did not know before participating. For example, he should be able

to write a number in scientific notation, which previously he was unable

to do. Thus, the programer should have knowledge of the student's

previous level of achievement and should be acquainted with instructional

sequences which have allowed the student to successfully learn. This
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means that the classroom teacher plays a prominent role in program devel-

opment, for he is the person who has knowledge of his students' past

achievements and is familiar with instructional procedures which success-

fully facilitated student learning. The background knowledge and

experiences of the teacher are vital to the design of the overall pro-

gram planning, as well as to specific programing tasks, e.g., the construc-

tion of the student workbook.

Special note should be made of the role of the student workbook in

the reported experimentation. This workbook should not be considered a

test of learning; rather, it is a means of facilitating learning and a

basis for revising and improving the multimedia programs., Response

errors in the workbook should be considered indications of difficult or

inefiective program sequences. Modifications and additions to the pro-

gram should reduce the frequency of the response errors; that is, the

detail of verbal instructions programed may be increased, and/or visual.

displays may be revised to facilitate the learner's insight and under-

standing.

One final point concerning program development is that such activi-

ties should be regularly discussed not only with the immediately involved

members of the school staff, but also with other staff personnel. It

will help the general morale of the school if all members are at least

familiar with the goals and procedures of the project, and are Occasion-

ally provided with opportunities for viewing demonstration programs so

that they might realistically consider undertaking their own program

development. All members of the faculty should, of course, be notified

of slight changes in schedules or student involvement occastf.ined by

the developmental activities.
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Recommendation 5: Since the teacher is in the best

position to determine what responses will be new for

the students, he a) should be intimately involved in

program development, b) should be considered the pri-

mary source of information concerning the previous

work of the students, and c) should assist with the

administration of a diagnostic pretest designed to

assess the pre-program achievement level of the students.

Recommendation 6: The student workbook should be con. .

sidered an essential part of the learning process for

students. The workbook responses should be used as

the basis for program modifications.

Recommendation 7: A detailed plan of the steps in-

volved in program development should be established

for use in monitoring and evaluating progress of the

project. Staff members not directly related to the

project should be informed concerning the goals and

procedures of the project, provided with opportuni-

ties to view demonstration programs, and notified of

any activities which may affect their schedules.

Recommendations Concernirkg the Implications of the Pro'ect and the Focus

of Further Research

A major factor investigated by the experimentation reported was

the variation of learning abilities. This variation may be observed

in any classroom group of students. It was hypothesized that students

of differing methematics ability would profit from instructional pro-

grams appropriate to their relative ability level. Thus, it was hoped

that the programs would contribute towards the individualization of the

curriculum and classroom instruction. The hypothesis was supported by

fhe data reported in Chapter 4. The general implication of this finding

is that if a multimedia program is not molded to fit the learning

needs and abilities of a specific group of students, then the instruc-

tional procedures will decrease correspondingly in terms of their

efficiency and effectiveness. This general implication is presented

in Diagram A, which summarizes the experimental results in terms of
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MMMMMIM

Diagram A

Efficiency and Effectiveness of Learning as Related to
Student Group Characteristics and Program Version

Characteristics
of

Student Grcup

Group is composed of
students with a heter-
ogeneous range of
learning abilities in
the subject matter
programed.

Program Version

Version A

Designed for Learners
of Relatively High
Ability

Version B

Designed for Learners
of Relatively Low
Ability

High ability students
will learn efficiently
and effectively.

Low ability students
will learn ineffi-
ciently and ineffec-
tively.

High ability students
will learn ineffi-
ciently but effective-
ly.

Low ability students
will learn efficiently
and effectively.

Group is composed of
students with a homo-
geneous range of learn-
ing abilities in the
subject matter pro-
gramed.

High ability students
will learn efficiently
and effectively.

Low ability students
will learn ineffi-
ciently and ineffec-
tively.

High ability students
will learn ineffi-
ciently but effective-
ly.

Low ability students
will learn efficiently
and effectively.



efficiency and effectiveness of learning as related to student group

characteristics and program version.

Although variation of student learning abilities is inherent in

every group of students, the specific applications of these findings is

conditioned by the characteristics of the students who participated in

the reported experiments. The details concerning these characteristics

are presented in Appendix E. The following comments summarize their

characteristics. Sixty-two freshmen, the subjects of the first two

experiments, obtained scores ranging from the eleventh percentile

through the ninety-fifth percentile on the Mathematics Section of the

STEP. Their median percentile score, used to divide the class into low

and high ability groups, was 67; thus, scores in the low ability group

ranged from the eleventh percentile to the sixty-seventh percentile,

and the scores for the high ability group ranged from the sixty-eighth

percentile through the ninety-fifth percentile. These learning abil-

ities of students implied by these ranges influenced the process of

program construction presented in Chapter II. Furthermore, the teacher

of this class would have justification for presenting Version A to the

high ability group and Version B to the low ability group. If it seemed

impracticable to divide the group into ability levels for program pre-

sentation, the most appropriate compromise would be Version II; for

both groups did equally well on that version, although the high ability

group learned with relative inefficiency. Thus, in aligning students

with programs, the classroom teacher must consider the range of ability

levels and past classroom performance. Furthermore, he would have to

weigh additional criteria in placing those students who obtained scores
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within a few points of the median and who may profit from assignment

to the other group.

Consideration of pupil and program characteristics will provoke

many restar:thable hypotheses. Experimentation under classroom condi-

tions, of course, would include determination of the range of abilities

so that appropriate topics are chosen and group assignments are made

judiciously. The application of the experimental approach conducted

in this project, however, would involve the same developmental and

operational procedures even though the range of abilities might be

smaller.

Recommendation 8: The classroom teacher should con-
sider the specific ability characteristics of a par-
ticular group of students before assigning students
to an appropriate program and before developing a
particular program.

Recommendation 9: Individualization of a subject

matter curriculum can be achieved progressively by
developing and testing multimedia programs designed
to fit the learning needs and abilities of a defined
group of students. The factors studied in the re-
ported experimentation should be investigated in the

context of other subject matter areas. Additional

factors which are amenable to further research in-
clude a) differential rates of information presented
in multimedia programing as related to different
levels of student learning ability; b) the length
of response time needed by students of differing
learning ability levels; c) the effects on learning
associated with various types of media presentations
and learning materials manipulated by the students
during programed multimedia learning units; and
d) the investigation of types of program versions
as related to characteristics of groups and subgroups

of students.
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Chapter VI

Summary

The process of assimilating new knowledge of learning processes and

recent technological advances into the existing instructional repertoire

of schools presents a major problem to educational institutions when the

results of previous experiences are not available. The present project

focused on this problem by investigating the most effective ways in which

programed mathematics instruction might be integrated into the new mul-

timedia instructional technology:

Program development, initiated by the Mathematics Team Leader, was

begun with a careful survey of the existing classroom procedures and

instructional sequence. Included in the developmental procedures were

the following major areas:

1. eight topics considered appropriate for multimedia presen-
tation were selected from those topics in the existing
inr,tructional sequence;

2. normal classroom presentations of these topics were out-
lined;

3. each topic was outlined in the form of programed frames,
and ideas for visuals which would facilitate instruction
were suggested; and

4. two pilot programs were conducted to assess fhe work to
date and to develop procedures for revisions, i.e., pro-
gram refinement.

To provide meaningful information concerning the program develop-

ment, experimentation was begun and focused on the hypothesis that

using a 2 x 2 factorial design in which one of the factors
is Ability (High and Low) and the other factor is the
Program (Version A and Version B), a statistical inter-
action will be observed between Ability and Program.



This hypothesis was tested in four studies, each involving an introduc-

tion to a mathematical topic; the four topics chosen were a) scientific

notation, b) a system without numbers, c) the graphing of inequalities,

and d) inequalities and the number plane.

The procedures for each study (topic) were the following:

1. two versions (A and 1) of each prozram were prepared --
A for high ability students, and B for low ability students;

2. each version was revised twice, and repeated administra-
tions of the original program and revisions were conducted
within the framework of the experimental design;

3. the subjects, high school students, were divided into
high and low ability groups on the basis of their perfor-
mance on the Nhthematics Section of the STEP; then, they
were assigned at random to administration groups; and

4. measures of learning, devised to accompany each version,
were administered to the students after they had viewed
a particular program version.

Several analyses of variance, based on data resulting from,the

pooling of groups at various administration levels, were used to test the

Ability by Program interaction hypothesis. Pertinent interactions were

analyzed further by the Newman-Keuls technique for significant mean

differences.

Several significant main effects and interactions were observed.

Generally, the interactions assumed the following pattern:

1. the high ability students performed equally well on Versions
A and B;

2. on Version A, the high ability students consistently
performed better than the low ability students; and

3. the low ability students performed better on the pro-
gram written for them, i.e., Version B, than did the
low ability students who viewed Version A.



On the basis of the experimental results and program development

demonstration, the following conclusions were considered tenable:

1. The assimilation of new programed multimedia in-
structional procedures can be effectively achieved
within the existing classroom and curriculum prac-
tices.

2. Members of the teaching staff should be involved in
the development and operations of new instructional
programs to insure continued effective use of the
programed units, as well as flexibility of new pro-
cedures within the curriculum.

3. Learning is facilitated effectively among students
of differihg ibility levels by the construction of
programs commensUrate with ability levels.

4. The developmeht of a multimedia program should pro-
Ceed according to a 4,stematit plan which includes
opportunities'for a) trial.testing Of the program
with &few Selected students, ahd b) kbgram revisiod
on the basis of the obtained stildent redponses.

The following recommendations were made to those public school

personnel who have made the decision to assimilate multimedia equipment

into the instructional repertoire of their school programs:

1. Plans for the physical layout of the room in which
multimedia equipment will be used should be finalized
only after careful consideration of the various types
of circumstances in which the equipment will be used;
specific points to be considered include console loca-
tion, student seating arrangements, housing of projec-
tion equipment, and equipment accessories.

2. Multimedia equipment should be purchased after care-
ful consideration of the extent of flexibility needed
for presentations and the feasibility of later con-
verting or modifying the equipment to be installed.

3. Provision should be made to instruct the staff in the
use of the multimedia equipment and to provide oppor-
tunities for them to prepare trial programs with which
they can test their awn skill and knowledge in select-
ing suitable content topics for program development.



4. Program development should be conducted by staff mem-
bers, together with any needed additional resource
people, according to a systematic plan and schedule of
activities.

5. Since the teacher is in the best position to determine
what responses will be new for the students, he
a) should be intimately involved in program develop-
ment, b) should be considered the primary source of
information concerning the previous work of the stu-
dents, and c) should assist with the administration
of a diagnostic pretest designed to assess the pre-
program achievement level of the studehts.

6. The student workbook should be considered an essential
part of the learning process for students; the workbook
responses should be used as the basis for program modi-
fications.

7. A detailed plan of ihe bteps involved in program de-
velopment should be established for use in monitoring
and evaluating progiess of the project. Staff members
not directly related to the project should be informed
concerning the goals and procedures of the prcject,
provided with opportunities to view demonstration pro-
grams, and notified of any activities which may affect
their schedules.

8. The classroom teacher should consider the specific
ability characteristics of a particular group of stu-
dents before assigning students to an appropriate
program and before developing a particular program.

9. Individualization of a subject matter curriculum can
be achieved progressively by developing and testing
multimedia programs designed to fit the learning needs
and abilities of a defined group of students. The
factors studied in the reported experimentation should
be investigated in the context of other subject matter
areas. Additional factors which are amenable to
further research include a) differential rates of
information presented in multimedia programing as
related to different levels of student learning ability;
b) the length of response time needed by students of
differing learning ability levels; c) the effects
on learning associated with various types of media
presentations and learning materials manipulated by
the students during programed multimedia learning
units; and d) the investigation of types of program
versions as related to characteristics of groups
and subgroups of students.
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This report contains detailed discussion of these topics, lists

recommendations for persons engaging in similar demonstrations and

experimentation endeavors, and presents twelve instructional programs

actually developed and used in the project.
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THE DEVELOPMENT OF PROGRAMED MULTIMEDIA

INSTRUCTIONAL UNITS: A CHECKLIST AND AN EXAMPLE

Introduction
otwoommeamswas..

The material contained in this part of the report is designed to consolidate the

knowledge and experience gained during the project with respect to the produc-

tion of programed multimedia instructional units. Part I reports the plans, ex-

periments, and outcomes involved in assimilating new technolgoy into a school's

instructional repertoire, as evidenced by the instructional effectiveness of the

programs presented in Part Ill. The checkiist and the example of work presented

here summarize the specific steps taken to write a multimedia instructkmal

program. The presentation of this checklist has been organized as a practical

guide for those persons inexperienced in programing and program production.

The systematic arrangement and specification of these production guidelines

provides a framework for efficient and effective program development.

Production of multimedia learning units can be a rich and rewarding experience.

New insights are gained concerning student learning behaviors and the conse-

quences of certain teaching procedures. During the progress of such a project

difficulties and frustrations are often encountered. It is hoped that the check-

list and its related examp:e will help others avoid errors and unnecessary waste

of time, effort and money.



Underlying the developmental guidelines which follow is a particular con-

ceptualization of the teaching-learning process. Of greatest importance is the

view that effective learning results from clear and precise perceptual discrimi-

nations of the learner. For these discriminations to occur, learning behaviors

need to be directed and controlled in terms of specific instructional objectives.

Student involvement -- attention, interest, and concentration needs to be

facilitated by psychologically sequenced experiences based on logically arranged,

relevant subject matter. Correct behavioral responses need confirmation and

reinforcement. Revision and improvement of instruction need to be based on

behavioral feedback and related student reactions to the learning experience.

This conceptualization accounts for roe particular approach used in the reported

research. The guidelines presented are limited by the particular strategies

employed in the project. These strategies focused on short units of learning

in mathematics varying in time for 4 - 20 minutes. Although these strategies

concern only a small portion of programed learning and multimedia instruction,

it is belioved that the guidelines have implications for a wider area of class-

room instruction and school curriculum. The efficacy of this view, however,

can only be supported by useful application of the reported knowledge and

expariences.

Guidelines may be used for:

I. assessing the extent and utility of immediately available

resources and the specification of additional resources

necessary for successful program production;

2. determining the capabilities of interested persons, their

willingness and their assignment to particular project duties

and responsibilities;



3. testing staff motivation and invol4ement in new procedures

of classroom teaching and learning;

4. scheduling and monitoring the organiiation and coordination

of developmental woric; and

5. definikj the fUnctions of Outside resource personnel and

sharply iocusing their involvement and contributions within

the totai structure ot project attivities.

All the material presented is neither completely necessary nor completely

sufficient. lts function is to stimulate and facilitate the production of efficient

and effective learning experiences for all students, for those of relatively low

ability as well as those of relatively high ability.

-5-



PART II - SECTION A

CHECKLIST for PROGRAM DEVELOPMENT

A Guide for Planning and Monitoring the

Development of a Programed Multimedia

Instructional Unit



CHECKLIST for PROGRAM DEVELOPMENT

çplanatory e

This checklist consists of statements defining tasks necessary for the development

of a programed multimedia instructional unit. The purpose of this listing is to

provide a tool useful for

a.) planning the development of a program, and

b.) monitoring the progress of programing work.

The user of the Checklist needs to develop his own partkular method of using

this tool. The most effective application of the listing by the inexperienced

programmer will result from gaining a general understanding of the total process

of program production. This understanding might be obtained by: 1) considering

the particular tasks listed in the context of the total program demands, 2)

reviewing the flow of work and operations outlined in the Flowchart of Program

Development Activities of this Guide, 3) studying iilz program writing process

exemplified in Section B of the Guide, and 4) participating, when possible,

as a learner in the administration of the type of multimedia instructional program

described in Parts I and Ill of this report. It is hoped the user will avoid rigid

application of the Checklist. Its use should facilitate management and assess-

ment of the programing project and should pinpoint successful progress.

-7-
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CHECKLIST for PROGRAM DEVELOPMENT

A Guide for Planning and Monitoring the

Development of A Programed Multimedia

Instructional Unit
Check When

Tasks Task Completed

I. PLANNING THE DEVELOPMENT OF THE PROGriAM

A. Assess the specific needs of classroom instruction which
will be fulfilled by development of the program:

1. Reviaw, within the perspective of the subject matter
curriculum, the particular content area which is
being considered for multimedia programing.

2. Write a brief statement of reasons for considering
the proposed content area for programing.

3. List the major topics relevant to the content area
which will be programed.

4. Other (Specify)

B. Survey the entire set of tasks and jobs to be completed
to obtain a gestalt of program development and project
planning (i.e., review all items of this Checklist and
specify additions where necessary).

C. Identify the specific resources and equipment which are
available or can be made available.

D. Project the time schedule of the program development
by estimating the completion date for each major group
of tasks.

E. Other (Specify)

-9-



Checklist for Program Development -- continued

Check When
Tasks Task Completed

11. PREPARATION OF THE PROGRAM SCRIPT

A. Select one major topic to be programed.

B. Write down each step of the classroom procedure which
is presently used for teaching the selected content
learning unit.

C. Identify the content objective(s) of the selected topic.

D. Make a judgment, using objective evidence if possible,
concerning the level of achievement of the total group
and its subgroups for the selected learning unit.

E. Decide, on the basis of student learning achievement,
which type of program will be prepared:

1. Class;fy the group and/or its subgrou_ps as to the
degree of variability of learning ability.

2. Decide whether the program will be prepared for
the group as a whole or for a particular subgroup.
or subgroups.

N.B.: Research evidence strongly suggests that
only in rare cases when a total group is
very homogeneous will there be justifko-
tion for preparing one program for total
group instruction. Thus a second (or
additional) program may be developed
simultaneously or scheduled for later
development.

3. Other (Specify)

F. Partition the outlined learning unit into its parts so that
a pare defines a set of learning items which can be com-
pleted in one unit of daily instruction.



Checklist for Program Development -- continued

Check When

Tasks Task Completed

G. Select the particular part of the partitioned topic
(i.e., the content learning unit) which is to Se
programed.

H. Write the Basic Program Script:

1. Draft the script for the selected unit or units of
daily instruction by using the description of the
presently used clawoom procedures and the list
of instructional objectives:

a. Specify in a logical sequence the behavior(s)
which are associated with the objective(s) and
which would verify that the objective(s) had
been attained, i.e., terminal learning
behavior(s).

b. For each of the specified behaviors write one
or more subject matter examples of the be-
havior together with on instructional comment
on the examples.

c. Recheck comments and examples for logical
order.

d. Other (Specify)

I. Complete the Program Script:

1. Prepare on introduction to the Basic Program
Script to motivate learning by writing on intro..
ductory script and sketching needed visual
displays to stimulate the leorner's interest.

2. Prepare a conclusion to the Basic Program Script
by writing a concluding script and sketching
needed visual displays.

3. Review the Basic Program Script so as to identify
and sketch additional visull displays needed for
pin-pointing attention, facilitating discrimination
and maintaining motivation and concentration.

111111=111.11M



Checklist for Program Development -- continued

Tasks

4. Specify the procedures by which students will re-
spond to exercises and problems given in the Basic
Program Script: follow each of the specified re-
sponse procedures with feed-back which will pro-
vide the learner with a model of the coireit
response.

5. Assemble in proper sequence ihe introduction,
Basic Program Script and conclusion thereby
compiling the Program Script chd Visuals.

6. Edit the Program Script and Visualz for con-
tihuity, variety and relevance.

7. Other (Specify) AgalwwlIne.r mnvINIMM

III. PRODUCTION OF THE VISUAL MATERIALS

[i

A. Design the proposed visuals:

1. Oteck the sketches for continuity (e.1., con-
sistency of notation throughout).

2. Decide, within the limits of available resources
and equipment, the most effective method for dis-
playing the visualized fact, concept, behavior
and/or elicited response.

3. Prepare detailed plans of each visual:

a. State the specifications for each visual,
including mode of production, using a
standard slide specification form.

b. Number each specified display according to
its place in the sequence of the Program.

c. Other (Specify)

4. Other (Specify)

-12-

Check When
Task Completed
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...............1=1.1#MON111111,1111MMII011110WINIMIL
Tasks

B. Initiate arrangements and procedures for production of
the visuals:

i . Discuss the ikétches and specificationt with the
person(s) who Will produce thevisuals.

2. Schedule the OrcidUctiori of the visUals.

3. Request preparation of a number of opaque
(blank) slides.

4. Other (Specify)

C. Review the produced visuals:

1. Review the produced visuals using the classroom
multimedia equipment; in particular check the
visuals for consistency with the Program Script
and for their readability from all points in the
room -- note any needed changes or modifications.

2. Communicate the changes and additions to the
production person(s) using the standard prGduction
form.

3. Check the final set of produced visuals following
the procedures used before.

4. Store the visual! in the most useful and operational
manner.

5. Other (Specify)

IV. COORDINATION OF THE PROGRAM SCRIPT AND THE
VISUAL DISPLAYS

A. Prepare a detailed Program Worksheet so as to show the
coordination of script and visuals:



Checklist for Program Develo ment continued

Tasks4111111111,

1. Transfer the Program Script and Visuals to the
Program Worksheet:

a. Designate on the Program Worksheet the
media mode corresponding to each screen
or part of the screen.

b. Type the Script onto the Worksheet.

c. Sketch and number each visual display in the
appropriate column on the Worksheet.

d. Other (Specify)

2. Review the sequence of displays in order to identify
the points at which a projection screen should be
blank and place a blank (opaque) slide wherever
needed in the sequence of visual 'displays.

3. Check the Worksheet sequence for correctness of
the script-visuals correspondence.

4. Mark and number at the exact points in the script
all program cues needed for automating the displays,
both visual projections and blanks, stop-start points,
and any other activities.

5. Other (Specify)

V. PREPARATION OF THE PROGRAMED TAPE RECORDING
AND THE EQUIPMENT

A. Record the Program Script:

I. Attach an identification label to the tape reel.

2. Record at the beginning of the tape the identifi-
cation data, i.e., the title of the program, date
and name of FrcTgramer(s).

Check When
Tak_Cora...nlead

111111M0111=1.711111/MIOMINMSO,
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Checklist for Program Development -- continued
/...10MINNIMP

Check When

Tasks Task Completed

3. Record the Program for actual presentation by
completing the following tasks simultaneoesly:

a. Record the script, allowing pauses for sound
cues and stop pauses.

b. Record a sound cue at each point in the script
where the students are to make a response.

c. Record a silence (e.g., five seconds) following
each control cue Giclexing a student response
to allow the instructional administrator sufficient
time to activate the remote stop/start button.

d. Other (Specify) .1=4,

B. Record the equipment control cues:

1. Learn the operations of the console control system
by studying the equipment instruction manua).

2. Record a control cue for each specified cue point
in the script sequence.

3. Record control cues for any additional reasons.

4. Other (Specify)

".11

C. Arrange the materials and equipment for a full-scale
test of the prepared program:

1. Load each media machine with the ordered visual
displays.

2. Place a Program Worksheet at the control console.

01VIN
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Checklist for Program Development -- continued

Check When
Tasks Task Completed

3. Position the equipment and set all controls of the
equipment:

a. Focus the projectors.

b. Operationally test each machine via the
control console and the remote stop/start switch.

c. Check the setting of volume and tGne control.

d. Check availability of spare projector bulbs.

4. Other (Specify)

D. Arrange the classroom environment:

1. Set the light level.

2. Position student response buttons.

3. Position and/or adjust the projection screens.

4. Other (Specify)

E. Other (Specify) 40111

VI. CONSTRUCTION OF STUDENT WORKBOOKS

A. Review the Program Worksheet to identify the responses
expected of the student:

1. Identify all computational exercises.

2. Identify all verbally presented problems.

3. Identify all manipulations of the materials.

4. Other (Specify) 7,1Ww
SSP.. .......1..IMINIIMININIMINIINIMMO.w
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Checklist for Program Development -- continued

Check When
Tasks Task Completed

B. List the identified exercises, problems and manipulations
in the sequence that students will perfomn them during
the program.

C. Prepare the Workbook by writing down in order the
directions for each exercise, problem and/or manipu-
lation.

D. Review the list of Worksheet items for consistency of
notation and explanation.

E. Number the exercises according to the numbering
system used on the tape recording and on the visuals.

F. Write a posttest.

G. Duplicate sufficient Workbooks for trial purposes.

H. Other (Specify)

VII. TEST AND EVALUATE THE PROGRAM

A. Prepare all equipment, materials and classroom for a
trial run of the program.

B. Start the Program and foi;ow it through using the Pro-
gram Worksheet:

1. Note any discrepancies.

2. Note any needed additions or revisions.

3. Other (Specify)

AMIN



Checklist for Program Development -- continued

Tasks

C. Make any needed additions, revisions and/or chonges.

D. Instruct two (or three) students by the use of the
Program:

1. Describe the general purpose of the session to
the students.

2. Note beginning and ending time.

3. Other (Specify)

E. Discuss the experimental session with the students:

L. Solicit their comments on the procedure and
operation.

2. Obtain their reactions to the Workbook.

3. Other (Specify)

F. Score the Workbooks and posttests of the students.

G. Review the Program Worksheet and Student Workbook
in terms of the studenteperformance and scores and
note any needed changes.

H. Complete any needed changes and/or additions.

I. Other (Specify)

VIII. PREPARATION FOR FULL-SCALE CLASSROOM
INSTRUCTION USING THE PROGRAM

A. Explain to the class of students the purpose of the
instruction:

1. Indicate thenature of the subject matter.

4.ememaa.....11......,
-18-

Check When
Task Completed



Checklist for Program Devel ment -- continued

Check When

Tasks Task Completed,

2. Specify the method of instruction.

3. Other (Specify)

B. Train the student: in multimedia instructional proiedures:

1. Explain the use of response buttons.

2. Orient the learners to the use of the Workbooks.

3. Attend to the displays and verbal instructions of
explanation and directions.

4. Other (Specify)

C. Other (Specify)

IX. OTHER (Specify)

1111111i
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THE PREPARATION OF A PROGRAM SCRIPT

AND ACCOMPANYING VISUAL DISPLAYS:

AN EXAMPLE

Explanatory Note

Program development requires sensitivity to the learning process, understanding

of the subject matter, and percePtivity to meaningful instructional presentations.

Experience in this writing and designing can be gained only by trial and error

carried out in the context of planned strategies. This process is iterative:

efforts are made, results noted, and further efforts tried and evaluated. Success

cannot be prescribed, but helpful hints can be offered and procedures suggested.

The purpose of the example presented in this section is to illustrate the step-

by-step procedures stated in Section A, the Checklist. The illustration is

demonstrative; many alternative basic program sequences hry be conceived,

designed, und developed. It h hoped that the example offered will stimulate

and cHrect the inexperienced programmer in his efforts to apply these procedures

of constructing multimedia instructional units. A complete and effective program

is achieved by successive approximations. The reader is invited to engage hi a

eevic-wing of his own conceptualizations of the teaching-learning process.

If he then translates his views into a programed sequence, he will gain insight

into significant facilitators of student learning: the individualization of instruction,

and 'the empirical testing of his own notions of programing instructional experiences.

-21-



I. PLANNING THE DEVELOPMENT OF THE PROGRAM

A. Assess the specific needs of classroom instruction which
will be fulfilled by development of the program:

1. Review, within the perspective of the subject matter
curriculum, the particular content area which is being
considered for multimedia programing.

Consider the various types of equations solved in
first year aZgebra.

2. Write a brief statement of reasons for considering the
proposed content area for programing.

The concepts are relevant to the first year algebra

curriculum. They are concrete and easily identified

and thus lend themselves to initial attempts of a
naive programmer. Multimedia provides close control

of student learning behavior so essential for making

sure the first fUndomental concepts are learned well.

3. List the major topics relevant to the content area which
wit! be programed.

The logic of solving equations.

Use of the associative, distributive, commutative

laws to soZve equations.

Linear equations of one variable.

Linear equations involving symbols of inclusion.

Simultaneous linear equations.

Quadratic equations of one variable.

-22-



B. Survey the entire set of tasks and jobs to be completed
to obtain a gestalt of program development and project
planning (i.e., review all items of this Checklist and
specify acianions where necessary).

(The _remainder of the Checklist should be read to give
an overView as to what is required to a programer.)

C. Identify .the zFie6fiC rettWatt 6nd equipment Which
are available or can be made available.

Personnel

Classroom teacher
Programer
Electronics technician
Artist

Materials

Paper
Pencils and pens
Typewriter
Stencils
Duplicating machine
Materials and equipment for

production of visuals
Magnetic recording tape
Slide trays
Method for producing sound

cue
Two carousel slide pro-.

jectors
Two short throw lens for

these projectors (focal
length 1.4")

Rear projection screen
Overhead projector

Photographer
Teacher Aid/Typist
Program Development

Coordinator

Control console and
associated equipment
(This equipment should
be capable of running
two slide, or one
slide ctnd one motion
picture projector
simultaneously and
should be equipped
with a remote stop/
start switch.)

Student response button
stations (40)

Movie projector
Overhead screen (poorly

located--needo
changing)

D. Project the time schedule of the program development
'oy estimating the completion date for each major group
of tasks.

One unit of learning will be completed the week of
10/6/66, entire program completed by 1/12/67.

-23-



il. PREPARATION OF THE PROGRAM SCRIPT

A. Select one major topic to be programed.

Linear equations of one variable

B. Write down each step of the classroom procedure which
is presently used for teaching the selected content
learning unit.

Linear equations of one variable are of the forms:
S . 2 = 3x + 2
6

as opposed to a + b - 6 = 10 - c in which three
variables a, b, and c -- occur in the scene equation.
Also, the variable in a linear equation is not squared,
cubed, etc., that is, it ia not of a power greater
than one. Thus, x + 5 = 12 is a linear equation of
one variable, but x3 + 5 = 12 or x2 + 5 = 12 is not
because x2 and x3, etc., contain powers greater than
one.

A linear equation of the form x + 5 = 12 may be solved
by using either the addition or the subtraction =toms
previously learned:

Etc. 1 x + 5 = ?
- 5 -5

x = 2 Reason: equals subtracted from equals

Fl c. 2 10 = x - 3
+ 3 + 3
13 = x Reason: equals added to equals

C. Identify the content objective(s) of the selected topic.

To be able to:

1. recognize a linear equation of one variable

2. solve equations of the following type

x + 5 = 10

x - 8 = 12

12 = x - 6

-24-



20 = y 8

aZ = 6

2r - 5 = 6

÷ 3 = 4
6

D. Make a judgment, using objective evidence if possible,
concerning the level of achievement of the total group
and its subgroups for the selected learning unit.

Give a pretest of equations to find what the class

knows already about equations.

E. Decide, on the basis of student learning achievement,
which type of program will be prepared:

I. Classify the group and/or its subgroups as to the
degree of variability of learning ability.

IQ range is 98-135 and STEPPlath score range Pow 30

to 98 percentiZe. In general, the class is hetero-

geneous with regard to learning ability.

2. Decide whether the program will be prepared for
the group as a whole or for a particular subgroup
or subgroups.

N.B.: Research evidence strongly suggests that
only in rare cases when a total group is
very homogeneous will there be justifica-
tion for preparing one program for total
group instruction. Thus a second (or
additional) program may be developed
simultaneously or scheduled for later
development.

Based upon collected data, the class may be divided

into high and low achievers.; therefore, two versions

will be written, Version A for high achievers and

Version B for the low.



F. Partition the outlined learning unit into its parts so
that a part defines a set of learning items which can
be completed in one unit of daily instruction.

Partition objectives into daily learning unite.

First day

1. Recognize a linear equation of one variable.

2. Solve equations of the form: x + 5 = 10;
x - 8 = 12; 12 = x - 6; 20 = y 4. 8 .

Second day

1. Solve equations
+ 3 = 4.; 2x

of the form: 2x = 6;
5 = 6 .

G. Sete& the particular part of the Ipartitioned topic
(i.e., the content learning unit) which is to be programed:

AU of the daily learning unite tan be prograrned.



H. Write the Basic Prcgram Script:

. Draft the script for the selected unit or units of daily
instruction by using the description of the presently
used classroom procedures and the list of instructional
objectives:

a. Specify in a logical sequence the behavior(s) which
are associated with the objective(s) and which would
verify that the objective(s) had been attained, i.e.,
terminal learning behavior(s).

Version A

1. Discriminate between linear ozd non-linear
equations of one variable.

2. Collect evidence to show that discrimination
has been learned.

Etc.

Version B

1. Discriminate between linear and non-Zinear
equations.

2. Discriminate between linear equations of one and
more variables.

3. Associate the word linear with that type of
equation.

4. Collect evidence that the discrimination has
been learned%

5. Practice the discrimination.

Etc.



b. For each of the specified behaviors write one
or more subject matter examples of the behavior
together with co Instructional comment on the
examples.

Version A

Behavior: Discriminate between Zinear and non-Zinear equations
of one variable.

Comtnent

(1) 3x + 1 = 12 - x

(2) x2 + 9 = 2?

(3) x + y = a + 3

Equation (1) is a linear equation.
So is equation (3). Equation (1)
is the only equation you see which
is linear in one variatle.

(1) = 20

(2) 5r = 20 - x

(3) 4x
2
+ 4y

3
= 10

(4) a 6 = 30

(5) 6c - b = 10

USe what you see on the left as an
example and from this list of
equations on the right, copy thn
ones which are Zinear in one a
variable.

Behavior: Collect evidence to shvw that discrimination has been learned.

55y = /0

3 + 12 =

x2 + 9 = 2

6
- 9 = a

-23-

Which equations are Zinear in
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H. 1. b. (confinued)

Version B

Behavior: Discriminate betOeen linear and non-linear equations.

&ample COffment

(1) x2 + 4 = 8 Equation (2) is a Zinear equation.

(2) x + 4 = 8 Equation (1) is not.

10 - y3 = 12 Yrite the equation which is
Zinear.

b + 7 = 20

Behavior: Discriminate between Zinear equations ofone and two
variables.

(1) a + b - 6 = d - 4

(2) 12 = a - 2 4- 3a

Equation 1 contains three vari-
ables, a, b, and d% Equation 2
contains only one variable, a.
Obviously, which equation is
linear in one variable?

73ehavior: Associate the word, Zinear, with that type ofequation.

x + 1 = 6 We are studying only one type of
equation. Look at the example.
It contains only one variczble
and is called what type of
equation?

-29-
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Behavior: Collect evidence that the dv,scrimination has been learned.

x2 + y = 10

12 + a - b = 6

3y - 6 + 6y = 2y

x + y = a3 + 4

(1) Copy the equation or
equatios which are linear.

(2) Copy the equation or
equations Which are linear in
one variable.

Behavior: Practice the discrimination.

(1) Make w three Zinear equa-
tions of one variable.

(2) Write three non-Zinear

equations.

Linear of One Variable

y + 6 = 9

4x - 19 = 56

10 = a + 6 + 3a

The first three equations should
be like these,

y + 6 x = 9

4x + lOy = 19

20 +a+b= c

but not like these,

x2 + 4 = 10

3
3+ 5 = 6yy

6 + a
2
= 12

and not like these. Yhe second
three should took like these.

c. Recheck comments and examples for logical order.

Commentn and pxamples are in logical order.

-30-



<

I. Complete the Program Script:

1. Prepare an introduction to the Basic Program Script
to motivate learning by writing an introductory
script and sketching needed visual displays to
stimulate the learner's interest.

Equations

Introduction

Mathematicians frequently Zook for m2re efficient

methods of working problems. Many of the problems

which you work in arithmetic in-seventh and eighth
grade may be worked more efficiently if a method
involving the solution of equations is used. Solving

equations is a basic skill you must learn in order

to simplify problem solving and to study advanced

mathematics. It is basic in the scone way that

learning ro add, subtract, multiply and divide is

basic to the solution of problems you meet in

arithmetic.

Today's Zesson is designed to introduce you to
simple methods of solving equations.

5

-31-
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HI. PRODUCTION OF THE VISUAL MATERIALS

A. Design the proposed visuals:
-

3. Prepare detailed plans of each visual:

Program: kinear Equations of one variable Slide No.

EgIATIONS

41111

Production Method: Color Transparency

Number and letter size: 1) x Standard

2) As large as possiole

3) Other

(Specify)

Special effects: Artist: Ilse "jazzy" picture of balance, if possible

Number of copies: 3

Review and Critique of slide (Suggested revisions):

-32-
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Ill. A. 3. (continued)

Program: Linear Equations of one variable Slide No. 7

1

1

(I) a+ b 6 d- 4

(/ ) 12 a-2 --/-3a_

Production Method: Kodalith (White numerals on bZack background)

Number and letter size: 1) x Standard

2) As large as possi:,le

3) Other

Special effects: Make aZZ letters (a,

Number of copies: 3_

(Specify)

d) red.

Reviw and Criaque of slide (Suggested revisions):

-33-
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PART III

SELECTED PROGRAMS



A GENERAL INTRODUCTION TO THE PROGRAMS

This section focuses on 'actual scripts developed for'and used in the

elcperimentation. For each of three topics, an original or revised program

is presented in two versions -- A for high ability and B for low ability;

introductory remarks to each presentation describe a) the revisienal

procedures that preceded and/or followed the program presented herewith,

and b) the general difference(s) between ability versions. For the fourth

topic, Graphing of Inequalities, the entire sequence of programs for both

A and B.versions is presented; by carefully examining these six scripts,

the reader will be able to detect both major and minor changes among pro

0 ms

-

ara 'And between versions.

An attempt has been made to present the programs in a format which

allows the reader to see the interrelationships of the script, visual aids,

and student workbooklets. The following discussion of fhe format is

applicable to all programs.

The script, which was recorded on magnetic tape, is presented in the

first column of the right-hand page. The asterisks (*) within a script

indicate the occurrence of a "cricket" sound-effect, recorded with the

text; this sound directed the student to work a problem in his answer

booklei. The substance of the booklet, i.e., the worksheet, is presented

in the second column of'the right-hand page.



The left-hand page represents the screen, divided into two parts;

images may be projected on both simultaneously. A slide appears on the

screen when the number corresponding to it appears in the script. This

slide remains on the screen until fhe next slide on that half of the

screen comes on. A blank slide indicates no yisual on that half of the

screen; The slides represented herewith convey the main idea of the

slides actually used in the experimentation. Printing limltations have

necessitated the omission of some detail, as well as color; the few

extremely cOmplex slides and film clips are described, rather than

reproduced.

Following the versions of each program is the appropriate measure,

.YI accompanying the original program (p'), Y2 accompanying the first

revision (p"), and Y3 accompanying the second revision (p'"). Where-

ever possible, the answers to test items are shown; distribution of

points awarded for correct responses is given at the end of each measure.

- 4





INTRODUCTION-TO THE SCIENTIFIC -NOTATION PROGRAM

In this program, one general.concept was taught: how to write

numbers greater than 1 in scientific flotation.'

The original high version p'A "taught the cbncept in two steps: 1) an

example of a number written in scientific notation vas presented, but

no explanation.of.the process inVoi4ed was given; and 2) the students

worked.two examples involving Scientific notaiion. One example fequired

the completion of statements, such as'

3,456 = 3.456 x' = 3.4 x

while the second asked.the student to write'the diameter of the Milky Way

in scientific.notation.

The only ptoblem encountered in the 'p'A version involVed writing

the correct power of 10. Many Students'equated the power of 10 With the

number of zeros-in the number to be written in scientific hotation. For

example, very often-4200 was wtitten as 4.2'x 10 , rather thaft 4.2 x 10
3

.

Discrimination learning was accomplished in the first revision, p"A,

by merely asking the student to compare the exponent of 10 in the

expression

4200 = 4.2 x 1000 = 10
3

with the number of zeros in 4200 and with the number of zeros in 1000.

No further revision of this program was required; thus, p"A and p'"A

were identical.



The low version, B, was presented in smaller, more explicit steps

which required more frequent student responses. In.the original version,

p'B, the general concept was taught in three parts; for example, 42000,

written in scientific notation (4.2 x 103), consists of 1) a number

between 1 and 10, 2) the sign x, and 3) 10 raised to the correct power.

Two main problems occurred in the original version. As in the high

version, the proper exponent of 10 was confused.with the number of zeros

in the original number to be written in scientific notation. This

difficulty was corrected with the introduction of discrimination learning;

examples were introduced in which the student compared exponents

with zeros (as explained above for the high version) and found mistakes

in incorrect expressions. The second problem occurred when students had

difficulty writing the first number in scientific notation between 1 and

10; this problem was corrected by introducing exercises in which the

student was required to place decimal points in numbers so that the

resulting numbers were between 1 and 10. In both p"B and p'''B, attempts

to eliminate these problems involved the presentation of varied examples.
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SCathIFIC-110TATION - p' A

SCREEN

Left Half

(1) (B)

12 GRAMS OF CARBON

,

602,300,000,000,000,000,000,000
ATOMS

(17)

GOLDEN GATE BRIDGE

4200 ft.

10-

Right Half

Blank Slide

(23)

Scientific
Notation

4200 = 4.2 x 1000

3
= 4.2 x 10



. SCIENTIFIC NOTATIONp" A

RECORDED SCRIPT WORKSHEET

(1) (B) This is a picture of 12 grams
of carbon. The number of atoms .in 12
grams of carbon is written beloW fhe
picture. This number, as you can see,
is very larze, Sometimes, scientists
must deal with numbers such as this
and thus need shorter methods of
writing them. In this lesson you will
learn how scientific notation may be
used to write large numbers in a con-
siderably briefer form.

(17) The golden gate bridge is 4200
feet long. This length written in
scientific notation may be written
this way. (23) Study this example.
Compare the exponent of 10, that is,
the 3 with the number of zeros in 4200
and the number of zeros in 1000. Fill
in the blanks on your worksheet for
problem 1. *

. . .

1. COmilete ihee statements

a.) 3,456 = 3.4 x = 3.4 x 10--

b.) 540,000 = x 100,000 =

c.) 498 = 4.98 100 = 4.98

(Press. button D when you have

completed answers.)



SCIENTIFIC NOTATION - p's A

Left Half

(26)

(a) 3,06 = 3.4 x 1000 = 3.4 x
10'

(b) 540,000 = 5.4 x 100000 =
5.4 x 1O"

(c) 49 4.98 x 100 = 4.98 x
10'

(29)

3,000,000A00,0100,b00,000,000ft.
, .

.. .-"----...."',,--:.-

25,00(K ztI-5._02 000 2

'-..earsZ 60.1:000i.
a .. :1's-i-f-:,.v:Iti. '- 1000

---..,-.04-4) ."-cii4.-c-c;--:=-11T.
.-?ig-liTt.,..-04,1...,,.. .,.."...,r, #0 _
.-i:-,-Q04 . .t.--....._ :-i... i...): Nue-

21.- .:.0,114.1,1lion)
:1--,...... ....4"..33._ -ri.T. 1- ..*

..1.0:"Ni« k 1- . . -... 4 'Lc'
Lir ; ir-e't **-1

esOr ..3:Se .

4141:PL''''te,-
l'HE 'MILKY WAY

SCREEN

- 12 -

Right Half

(B)

Blank Slide

(30)

21
3 x 10 feet



RECORDED SCRIPT

(26) (B) Here are the correct answers.
Check your work carefully. Find and
understand your mistakes.

(29) The diameter of the Milky Way is
indicated here in feet. Write this
number in scientific notation. *

(30) Here is the correct answer.

You will nou be given a short quiz
to determine what you have learned.

44 41, 4 44-

SCIENTIFIC NOTATION - A

UORKSHEET

2. Write the diameter of the Milky
Way in scientific notation.

Answer:

(Press button C when you have
completed your answer.)



SCIENTIFIC NOTATION:

FIRST REVISION p" B



SCIENTIFIC NOTATION - pit 13

Left Half

(1)

.12 GRAMS%OrCARBON

602,300,000,000,000,000,000,000
ATOM

(3)

(a) 1 and 10

(b) 1 and 6

(c) 600 and 700

(d) 50 and 80



-SCIENTIFIC- NOTATION - p ' B

RECORDED SCRIPT WORKSHEET

(1) This is a picture of 12 grams of

carbon. The number of atoms in 12

grams of carbon is written below the

picture. This number, as you can see,

is very latge. 'Ioinetimes, scientists

must deal with numbers such as this

and need shorter methods of writing

them. In this lesson you will learn

how scientific notation may be used

to write large numbers in a consider-
ably briefer form._,Themumber of
atoms in 12 grams of carbon 'is 6,023
followed by how, many zeros?*

There are 20 zeros following 6023.
Count them again if you miscounted.

(2) He,.!e is the number 6023 followed

by 20 zeros written in scientific
notation.

Look at the scientific notation. The
first numeral is written in red. This

red numeral is between which of the
following two numbers? (3)

Of course, 6.023 is between 1 and 10
so you should have written 1 and 10.

- 17-

1. Howniaity--zeitid-fo/low the 6023?

ANSWER

(Press C when finished.)

2. Wtite the correct answer.



SCIENTIFIC -NOTATION - p"

(7)

SCREEN

Left Half Right Half

(B)

Scientific- Notation

. I

602;SO0,000,000,600,000,600,600
23

ai 6,023 x 10

460,000,000,000 =
11

4.6 x 10

(8)

5,623,000,000

- 13 -

: :

-Blank .Slide



SCIENTIFIC NOTATION - p" B

RECORDED SCRIPT WORESBEET

(7) (B) Look at these two numbers and
fheir form in scientific notation.

You should learn that to write'iaMi 3.- The red numbers are between what
numbers in scientific notation, mrite two numbers?
first a numeral like the ones indi-
cated in red. These numerals, as you
probably suspect,. are between What
two numbers?*

The answer is 1 and 10. 6.023 and
4.60 are both between 1 and 10. The
firat_numeral you write in scientific
notation is between 1 and 10.

(8) Consider the number 5,623,000,000.
If you were to write this in scienti-
fic notation, between what two num-
bers would you place the decimal
point?

TO write this number in scientific
notation the decimal point would be
placed between the 5 and the 6.

- 19 -

4. Between what two numbers would
you place the decimal point?.



SCIDITIFIC NOWION P".*B

Left Ralf

SCREEN

Right Half

(9)

5,623 x 106

56.23 x 108

5.623 x 109

562.3 x 107

SCIENTIFIC NOTATOMON

20,
300
ft.

Alaska's Mount McKinley

/Et

(B)

Blank- Slide



SCIENTIFIC NO'rATIO,N,,7

RECORDED SCRIPT & WORRSHEET

(9) Which one of the numbers on .the 5. Which is correct scientific
right is the correct method of writing notation?
this number in scientific notation?*

-

(10) Here is the correct answer.

Iii
.Notice that the first numeral is
5.623, and is between 1 and 10.

thousand ihreefiiin'dred feet high.

(11) (BYMt. McKinley is twent3i

; ,E4

s

r%



SCITIITTIF/C NOTATLON----. p

(14).

-

Left lialf

-'

.. $7.:: 7 ;`i

SUN

SCREEN rr 7:57:DP .alf4t1"

Right Half

(12)

-
;

_ z ;-

Scientific Notation

2.03 x 104 feet

(B)

-.1"f=r ;7;7'7 1;ril
1. S:14,7

.0i 6nz.

Blank Slide

(15)

rr''. - ty. .1

-7; 9 r- 1,4_1156 "+-C r4:2

4.567 109

4.567 x 109

4.567 4 1.09



SCIENTIFIC NOTATION - p" B

RECORDED SCRIPT WORKSHEET

This height written in scientific
notation is this. (12)

Notice the green part.

A number written in scienti..fic nota-
tion first contains a number between
1 and 10 and then a times sign.

(14) (B) The diameter of the sun is
4 billion 5 hundred sixty-seven
million feet. What is the correct
method of writing this number in
scientific notation?* (15)

23 -

6. Write the correct answer for
-the diameter of the sun in
scientific notation.



SCIEWEI.FIC NOTATION pi I B

Left Half

GOLDEN GATE BRIDGE
_

;

4200 ft.

SCREEN

- ,24

(16)

Right Ball
: :

"-- : S-ci:entinC Notation"

4.567 x 109..

;

(B)

:

: :glide ,

4.2 x 10

4.2 x 100

4.2 x 1,000

4.2 x 10,000



SCIENTIFIC NOTATION - p" B

RECORDED SCRIPT WORKSHEET

(16) This is the correct answer.
4.567 should be followed by a times
sign.

(17) (B) The golden gate bridge is
4,200 feet long.

The number 4,200 is which of the
following? (18). If you have tot
multiply each answer given until you
find the correct one.*

7. Which is 4200?



(20)

"I
SCREW

SCIENTIFIC NOT&TION - p " B

' 'et.; :c."1. sr.

Left Ualf Right Half

560 = 5.6 x

56,0 = 5.6 x

560,000 = 5.6 x

-26 -

(19)

4,200 = 4.2 x 1000

Solution: 4.2
x 1000
4200.0

(B)

Blank Slide

(21)

500 PI 5.6 X' 100
..e.-

.56.:0==.5.6x

560,000 = 5.6 x 100,000



SCIENTIFIC NOTATION - pit B

RECORDED SCRIPT WORKSHEET

(19) 4,200 is 4.2 x 1000 (Notice the
solution).

(20) (B) Complete exercise 8 on your 8. a.) 560 = 5.6 x
answer sheet. (Write 10, 100, 1000,
10000, etc. for answers.) Multiply b.) 56.0 = 5.6 x
your final answers to make sure they
are correct.* c.) 560,000 = 5.6 x

z

Here are the correct answers. (21)

-27-



SCIENTIFIC NOTATION

SCREEN

(23)

Left Ralf

Scientific
gotation

4200 = 4.2 x 1000

= 4.2 x 10
3

Right Half

)

Blank Slide



RECORDED SCRIPT

(23) (B) If the length of the golden
gate bridge is written in scientific
notztion, it may be written this way.

Now I'm going to ask some questions
which may seen easy but aren't
necessarily so. Look at the 4,200.

How many zeros are in 4,200T* Look
at the 1000. How many zeros are in

the 1000?* Of course, there are 2

zeros in 4,200, however there are
three zeros in 1000. Now notice the
exponent of the power of 10, that is,

the 3. Is this exponent of ten the
same as the nUmber, ofzeros in

4,200?* Is the exponent of ten the
same as the number of zeros in the

1000?*

You ehould have written first "No"
and then "Yes". The exponent of
10 is not the number of zeros in
4,200, but is the number of zeros

in 1000.

Use 4200 as a model and write the
number 53,000 in scientific notation.
This number appears in problem 10 of

your answer sheet.

-29-

SC/ENTIFIC.NOTATION.- p" 4

WORKSHEET

9. a.) How many zeros in 4200?

b.) How many zeros in 1000?

c.) Is the exponent the%Sqme
number of zeros in 4200?
(Yes or No)

d.) Is the exponent the sane
. number of zeros in 1000?

(Yes or No)

10. Wite 53,000 in scientific nota-
tion by completing the following:
53,000 = 5.2 x
= 5.3 x



SCIEHTLFIC IWTATION - ii" B

(2.9- .-.

o

Left Half

,

(4) 3,456: I= 3.4x

10
(b) 540,000 =

x 105

(c) 498 = 4.93
102

11111.11.11P

SCientific
Notation

....

x 100000 =

100 is 4.98

ge 3.4x

SCREEN

-30 -

Right Half

(24)

53,000 = 5.3 x 10,000

= 5.3 x 104

(B)

Blank Slide

(26)

(a) 3,456 = 3.4x1000 = 3.4x
103

(b) 540,000 t 5.4 x 1000000 =
5.4 x 10'

(c) 498 = 4.98 x 100 =,4.98x
102



RECORDED SCRIPT

(24) Here is Ph.,E, correct answer.

SCIENTIFIC' NoTATIT - p" B

WORKSHEET

(25) (B) Complete a, b and c by 11. a.)
copying each statement completely
and.filling in the blinks correctly.* b.)

(26) Here are the correct answers.
Check your work carefully and under-
stand your mistakes.



SCIENTIFIC NOTATION - p" B

SCREEN

Left Half

(27) ( )

(a) 90,765

- (b) 1,870,000

Right ialf

Blank Slide

(28)

(a).9.0765 x 104

Solution: -..90,765

9.2765x-10,C00 = 9.0765 x
10

(b) 1.87 x 106
Solution: 1,870,000 =
1.97 x 1,000,000 = 1.87 x



SCIENTIFIC NOTATION p " B

RECORDED SCRIPT WORKSHEET

(27) (8) Mrite these two numbers in 12. a.) 90,765 =

scientific notation.*

(28) You dhould have written this.

b.) 1,870,000 =



SCIENTIFIC NOTATION:
MEASURE Y2

1. How is 70,400,000 written in
scientific notation?

a.). 70.4 x 109
b.) 704 x 108
c.) 7.04 x 1010
d;) .704 x 1011
e.) all of the above

2. How is 532,000,000 written in
scientific notation?

a.) 5.32 -441-108

b.) 53.2 x 107
c.) 53,2 -+-107
d.) 5.32 x 108
e.) none of the above

3. How is 969,0001000 written in
scientific notation?

a.) 96.91 x 107
b.) 96.91 4-107
c.) 108 x 9.691
d.) 9.691 x 108
e.) none of the above

4. How is 42,0004000 written in
scientific notation?

a.) 42 x 109
b.) 42,000 x pap
c.) .42 x 1011
d.) 4.2 x 1010
e.) all of the above

5. The distance between two stars is
560,000 miles. -Write-this number

in scientific notation.

-

ANSWER:

1. c

2. d

3. d

4. d

5. 5.6 x 105



SCIENTIFIC NOTATION: MEASURE Y2

Write each number iri-sbientifieOntation:
ANSWER:

6. 9880. 6. 9.88 x 103
:.

7. 876000 7. 8.76 x 105

8. 252 8...2;52 x 102 .

9. 567,000,000,000,000 9. :5.67 x 1014

10. 50 10. 5.0 x 10

.%

.:

-";; *:

-36-
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INTRODUCTION TO THE SYSTEM WITHOUT NUMBERS PROGRAM

This programed lesson teaches four operations: R1, R2, and R3 are

performed by the rotation of a rectangle about one of three axes, while

R
0 is an operation in which no rotation occurs. The four operations,

performed by each student with the rectangle provided him, comprise a

system without numbers. These operations were used with the sysbol
2

"is followed by," to teach that the system possessed the commutative and

associative properties of the rational number system.

Consider the A (high) version and its revisions. In p'A the four

operations were presented on film. After the presentation, the students

were asked to perform each operation and to write the results. The symbol

()was taught by merely defining it and asking each student to work

examples in which the symbol appeared. These examples illustrated the

associative and commutative laws; each student responded to the questions

requiring that he write the words associative or commutative. It was found

that not all students started each operation with the rectangle in the same

position as was illustrated in the film and they were unable to learn the

operations in a single presentation. The instruction "Write each result on

your worksheet for problem 1" was confusing even though blank rectangles

were proVided.

The first revision, p"A, emphasized that the student should begin each

operation with the rectangle in its original position. A practice period

was introduced after the presentation of each operation; after the four

were presented, the student again performed the four operations and wrote

- 38 -



the results. The instructions fot writing the results were revised to read

"Iioicate, each result by:labeling *the four corners of the rectangle in

problem 1." The commutative and associative laws were mentioned in the

script, but no written responses of the words, i.e., associatiVe and

commutative, were required.

Since these revisions involved no learning problems, the final revision,

p!t!ti, involved shortening the program so that the material could be learned

in /ess time. The explanation that matching corners indicated correct

original position of the rectangle was eliminated; instead, a picture of the

rectangle in what was called "its original position" was presented briefly.

The-practice of each operation after its visual presentation was retained,

but additional practice of these operations was eliminated.

The B, or low, version taught the same concepts as the high version.

However, material was-presenteditin much smaller steps, i.e., less informa-

tion was given at one time, students' attention was directed by more explicit

and detailed instructions, and practice was used more frequently.

The first revision, p"B, clonsisted of the following: 1) it was

pointed out that the rectangle i not picked up when performing operation

R0,1 2) the student was asked to wIrite his results "by labeling the four

cotners of the rectangle in probiem 3," and 3) explicit information was

provided to clarify that the rectangle was not returned to its original

position after performing R1.

The only change required fot Version p"'B was to revise the instruc-

tions again for performing R1 and then R2. Many students continued to

r6.turn the rectangle to its original position after performing R1. The

instructions were made more directive: "After you have performed operation

R
1'

stop. Leave your rectangle in the final position."

- 39 -
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SYSTEM WITHOUT NUMBERS:

SECOND REVISION p" 1 A



SYSTEM:11TH= RIMERS - pi" A

SCREEN

Left Half

(0)

SYSTEM

WITH OUT

NUMBERS

(1)

0

0
R3

(B)

Blank Slide

Right Half



RECORDED SCRIPT

(0) You nay be surprised to find that not
all algebra is concerned with numbers.
There are mathematical systens with impor-
tant applications in the scientific world
which contain elements other than numbers.
Most of these are too complicated for
beginners, but we are going to look at an
example to give you an idea of what is
meant by a mathematical system which con-
tain* no numbers.

(1) Each of you has on your worksheet a
diagram like the one on the screen. You
albs) have a rectangle which fits the
diagram. The rectangle as you see it is
in its original position. Place your
rectangle in the original position.
You'll notice that there are three symbols
in red on the diagram, R1, R2, and R3.
Each of these R's represents a certain
operation. You will now learn to
perform each of these operations. (B)

- 43 -

SYSTEM WITHOUT. NUMBERS. p'l A

WORKSHEET



SYSTEM WITHOUT NUMBERS - p ' A

Left Half

Movie Clip:

Person performs operation Ri
with a large cardboard
tectabgle.

(4)

Movie Clip:

Person performs operation R2
with a large cardboard
rectangle.

(M)

Movie Clip:

Person performs operation R3
with a large cardboard
rectangle.

SCREEN

-44-

Right Half



RECORDED SCRIPT

SYSTEM-1=W p'!! A

WORKSHEET

To perform operation RI, rotatethe
rectangle about the R1 axis 1800.
Watch this being done in motion pictures.
(N) Now for practire, you try what
you just saw.

To perform operation R2, start from the
original position and rotate the rec-
tangle about the R2 axis 1800. Watch
this being done in motion pictures. (N)
Practice operation R2 as in the movie.

Operation R1 is performed by rotating
the rectangle about the R3 axis. Watch
this. (H) Now try R3 a few times.

-457

I.



SYSTERIIITHOUT 'NUMBERS -: p" ' A' .

SCREEN

Left Half

(10)

R0

No Operation

Right Half

.Operation Ro
,

0 H

X I

1

(18) (B)

it)followed by

- 46 -

Blank Slide

(15)

1



SYSTEM WITHOUT NUMBERS - p t" A

RECORDED SCRIPT WORKSHEET

We shall let operation Ro indicate no

operation. (10) This means that the

rectangle is not moved. It stays in

this position. (1I)

See this expression. (le, (B)

The "f" with a circle around it means

"followed by." The expression is read

R3 followed by R1. To work this prob-

lem, put your rectangle in its original

position. (15) Everyone perform

operation R3

- 47 -



SYSTRWRITUOUT NUMBERS - pl" A

Left Half

(19)

R3OR1 R2

SCREEN

- 43 -

Right Half

(B)
. ."

Blank Slide

.(B)

Blank'Slide*



SYSTEM WITHOUT NUMBERS - p'" A

RECORDED SCRIPT WORKSHEET

419 (B) Nov without returning the rec-
tangle to the original position, perform
operation 111.

Compare your rectangle with what you
See on the_screen... (16A)-(16B) Thus,
.

Ri followed by RI is the same. as
whichof the fout opeiationet:

You should have written R
2.

(19) (B)

-49-

1. R3 (R1 is the same as



SYSTEM.UITHOUT NUMBERS. - p''' A t.

SCREEN

(B)

Left Half

Blank Slide

(16A)

Ito gi
t

Ri

HI H 1
.I

R

0

32-

I H

X 0

t

-

Right Half

(16B)

0 X

,.

I*H

X 0

(20) (B)

10
(a) Ro RI. = R1

(b) R2COR3 = R

- 50 -,

Blank Slide



SYSTEM WITHOUT NUMERS -

RECORDED SCRIPT WORKSHEET

(B) Use your rectangle to work all of
problem 2.

(16A) (16B) Refer 'to the operations

on the screen and write Ro, R1, R2,
R3 for answers.*

Here are the correct answers (20) (B)

Notice that "b" and "c" illustrate the
commutative law.

I IA

2. (a) Ro

(b) R2 ® R3

(c) R3 ® R2

(d) R
1 R1



SYSTEMWITHOUT NUMBERS -

(22)

Left Half

A .

(a) (Rl®R2)®R3

(b) R1®(R2(R3) =

/.....

SCREEN

Right Half

(23)

(24) (B)

Rip R1, R2, R3

()

- 52 -

Blank Slide



SYSTEM WITHOUT NUMBERS - p ' ' ' A

RECORDED SCRIPT WORKSHEET

(22) Here are two problems, each
involving two operations. Notice
that each problem is grouped differ-
ently by using parentheses. To work
these problems, perform the operations
in the parentheses first. Prite the

correct answers.

(23) You should have gotten Ro for
each answer. This illustrates the

associative law.

(24) () So our set of four elements
R1, R2, R3, and Ro-- and the operation
"followed by" have the commutative and
associative properties just as our
familiar system of integers has. We

could investigate other properties
which we know integers have, to see
if they are properties of this system
also.

NO .11111.

-53-

R2) ® R3 = --

(R2 R3) =
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sYsTut Imam NUMBERS - p'" B

REtORDED SCRIPT WORKSHEET

(0) You may be surprised to find that
not all algebra is concerned with numbers.

There are mathematical systems with

important applications in the scientific
world whiel-contain-elements other than

number. Most of these are too complicated
for beginners, but we are going to look

at an example to give you an idea of what is

meant by a mathematical system which

contains no numbers.

(lR) Each of you has on your worksheet
a diagram like the one on the screen.

You also have a rectangle which fits the

diagram. The rectangle as you see it is

in its original position. This means that
the H's, X's, Q's and I's in the four

corners match. Place your rectangle in

the original position. You'll notice
that there are three symbols in red on
the diagram, RI., R2, R3. Each of these

R's represents a certain operation. You
will now learn to perform each of these

operations.

(2) Each of you perform operation R1 by

doing this. With thumb and forefinger of
each hand, grasp corners 0 and H of the

rectangle. Now turn fhe rectangle over.

- 57 -



SYSTEM WITI1013T N13MBERS p't1 B

SCREEN

Left Half Right Half

(2A)

Operation RI being performed
in motion pictures.

X
R)

0

(B)

Blank. Slide

(1) (2A)

X

R3

I

- 58 -



SYSTEM WITHOUT NUMBERS - p'" B

RECORDED SCRIPT WORKSHEET

(2A) If you performed the operation

correctly, the result looks like this.

(B) Watch this being done on film. (I)

(1) Put the rectangle in its original

position ;and do this operation again.

Make sure you get this result. (2A)

1 -59-



SYSTEM WITHOUT NUMBERS - B

SCREEN

Left Half Right Half

(2) (B) .

R2

H

X

(B)

Blank Slide

Blank Slide

(3)



SYSTEM: WITHOUT NUMBERS - p'" B

RECORDED SCRIPT

(2) (B) When you grasp corners 0 and H 1.

and turn the rectangle over, around which
axis Aoes it turn, 111, R2, or R3 ? *

(3) It turns about R1.

(B) Now, if I say, "Perform operation
Ri," I want you to rotate the rectangle

aBout the R
1
axis. How many degrees

should the rectangle be rotated, 1800
or 3600? *

WORKSHEET

Around which axis does the
square turn? RI, R

21
or R

3
?

Ova.mal......m...m.m.ammosevnIravrem ulerriamomos

..

2. Rov many degrees, 180° or 3600?



I

1

sysTEM WITHOUT NUMBERS -

(5)

Lefi Haif

X

R2

1

,

SCREEN

- 62 -

Right Half

(4)

(B)

Blank Slide

(6)

v--7180°



SYSTEM WITHOUT NUMBERS - pt" B

RECORDED SCRIPT WORKSHEET

(4) To perform operation Rl, rotate the
rectangle about the R1 axis 1800 .

Practice this once more from the beginning
position. Raise your hand if you need
help.

To perform operation 119, (5) (B) grasp
corners H and I with tfiumb and forefinger
of each hand, (6) and rotate the rec-
tangle 180u about axis R

2
.



SYSTEM WITHOUT NUMBERS - p" 1 B

SCREEN

Left Half Right Half

t_.

Operation R2 being performed
in motion pictures

(1) (B)

o
db.. Rp

1

H

R-- 1

-64-

Blank Slide
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SYSTEM WITHOUT NUHBERS p'" B

RECORDED SCRIPT WORKSHEET

Watch this being done in motion pictures.

(M)

(1) (8) Put the rectangle in the original

position. Perform operation R2 and make

sure you get the result shown. (7)



SYSTEM:WITHOUT NUMBERS - p," B.

SCREEN S.

Left Half Right Half

Blank Slide

(8)

Operation R3 being performed
in motion pictures

- 66 -
,

(B)

Blank Slide



SYSTEM WITHOUT NUMBERS - p'" B

RECORDED SCRIPT WORKSHEET

(B) (B) To perform operation R3, leave

the rectangle lying flat on the paper.
Tbon rotate it 180° about the R3 axis

like this. (8)

Watch operation R3 on film.(1)(1)
Did you notice that to perform
operation R1 you don't pick up the
rectangle, But leave it lying flat

on the paper?

- 67 -



SYSTEM writovi NUMBERS - p"t B

SCREEN

Left Half

(1)

0

0

X

R
1

(9)

0410111

X

X
1R3 R

1

; -
e. V. An a

Right Half

(8A)

Label

0

R2
Label

H\ (

La el Label

(B)

Blank .Slide



SYSTEM WITHOUT NUMBERS p" B

RECORDED SCRIPT WORKSHEET

Put the rectangle in the original
position and perform operation R,.
Wtite what your result looks lik4 by
labeling the four corners of the
rectangle in problem 3. * (8A)

Here is the correct result. (9) (B)

3. The operation R3:. (Label the
four corners of the rectangle.)

R3

I.

3.



SYSTEMFOITHOUT NUMBERS - p111 B

(10)

Left Half

R0

No Operation

Operation Ro

0

X

1

(12)

Set of Operations

N, 41= R2,

SCREEN

- 70 -

Right Half



SYSTEM WITHOUT MISERS - B

RECORDED SCRIPT WORKSHEET

Return your rectangle to its original
position. Let Ro indicate no operation.
(10) Now perform operation Ro on your
rectangle and write the result for item
4 on your worksheet. *

You should not have moved the rectangle
because Ro indicates no operation, thus
your answer is this. (11)

4. The operation Ro: (Label the

four corners)

Thus far, we have defined this set of 5.

operations. (12)
Let's practice some of these operations.

Perform R
1
and write the result for

problem 5. *

0

X

0

X

1

=1

P-2

.Z.IND
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Left Half

(13)

Blank Slide

(14)

411.

H 0

R1

SCREEN

- 72 '-

V
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Right Half



SYSTEM, WITHOUT NUMBERS - p'" B

RECORDED SCRIPT WORKSHEET

'Hero in the correct answer. (13)

(B) Be sure to start from the original 6.
position each time. Now perform R3
and write the result. *

Here is R
3. (14)

,

R2

AB WEND

R3

01011111

...... ......

1

I

R2



SYSTEM WITHOUT NUMBERS - p'11 B

Left Half

(15)

1

H

(B)

Blank' Slide

(16)

Operation R1
then R2

0

R2

SCREEN

-74--

Right Half



RECORDED SCRIPT

Here is an operation. (15) Which of
our set- of e..:ations is this? R0,
R P. or .,
1$ 2

You should have written Ro.

(B) Here is a different problem.
Everyone perform operation 111. After
you have performed operation R1,
stop. Leave your rectangle in its
final position. Do not go back to
the original position, that is leave
your rectangle in the R1 position as
it is now. With your rectangle in
this position, perform operation Rz.
Write your final result.*

Here is the correct answer. (16)

Try R1 and then RI until you get the
correct ancwer.

- 75 -

SYSTEMVITHOUVNUMDERS,:p".!: B.

WORKSHEET

7. Which operation do you see?

,

8. Perform R1 and then R2.
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Left Half

(B)

Blank Slide

(17)

H

R3

H

SCREEN

- 76 -

:

Right Half

(16B)'

R2

R2.

0

:.H

(B)

.001111.

Blank Slide.



RECORDED SCRIPT

When you get the correct answer, leave
your rectangle in its final rosition
as you see it on the screen. We shall
assume that everyone's rectangle is
in its final position as a result of
performing first R1 and then R. Now
look at the screen. (16A) (16B3 Here

you see the four operations in our
set. Which of these four operations
matches your rectangle?*

You should have written R3.

(B) (B) Try another problem. Fut the

rectangle in its original position.
Perform R3. Without moving back to
the original position, perform Ri.
Write the result in problem 10.1e-

You should have this for the correct
answer. (17)

- 77 -

SYSTEM WITHOUT,NWBERS - p'

WORKSHEET

9. The result
then R is
operatton,

of performing Ri and
identical to whtch
R R R R ?
0' 1' 2' 3

10. Perform R
3

and then R .
1

R2

[it
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.Left Ralf

(18)

:

followed by

(B)

Blank Slide

SCREEN

- 7 8 -

Right Half

(16B)

RI

X

X

z

(19)

R3C9R1 = R2



SYSTEM WITHOUT NUMBERS - p'" B
!;

RECORDED SCRIPT WORKSHEET

See this expression. (18) The "f"

with a circle around it means "followed
by." The expression is read, "R3
followed by Ri." This is what you
just did.

(16h) (16B) Compare your answer for
problem 10 to what you see on the
screen. Now write Ro, RI, R2, or
R
3 for problem 11 on your worksheet.*

You should have written R2. (B) (19)
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Left Half

I H

(16A)

Ri

0 X

SCREEN

Right Half

0

(20) (B)

10
(a) Ro R1 = R1

(b) R2(f)3 = R1

(c) R3(i)R2 = R1

(d) Rl(f)R1 = Ro

(22)

Blank Slide
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Use your rectangle to work all of
Problem .12. (16A) (16B).!. Refer to

the 60erations on the screen and
write,R0, R1, R2, or R3 for answers.*

Here are the correct answers. (20)
(B)

Notice problems "b" and "c". In "b",
R2 followed by R3 results in R1, but
in problem "c", so does R3 followed
by R2. In other words) order of
oPerations makes no difference. What
property do'we call this?*

This is the commutattve property which
we know is also a property of the in-
tegers. (22) Here are two problems,
each involving two operations.

Notice that each problem is grouped
differently by using parentheses. To
work these problems, perform the
operations in the parentheses first.
Write the correct answers.*

- 81
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WORKSHEET

III B

12. (a) Ro =

(b) R2 (f) R3 =

(c) R3 a) R2 '3

(d) Ri (K) RI =

13. What property do b and c in
question 12 illustrate?

14. (a) (RI (E) R2) (?).R3 =

(b) R1 0 (R2 0 R3) as
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SCREEN

(24)

iR02 Rl, R22 R33

:r
:

- 82 -

(23)

(B)

r

Blank Slide

,
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Did you get the same result for both
"a" and "b"? You should have. (23)

SYSTEM WITHOUT NUMBERS - B

WORKSHEET

What property do these problems 15. What property does (14)
illustrate?* illustrate?

This is an example of associative law.

(24) (B) So our set of four elements -
Rto R R

2'
and R, - and the operation

rollowed by" havg the commutative
and associative properties just as
our familiar system of integers has.
We could investigate other properties
uhich we know integers have to see if
they are properties of this system
also.

-83-
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SYSTEM WITHOUT NUMBERS:
MEASURE Y3

Use the diagram and your rectangle whenever you need to.

1. Write the results of performing operation R.
(Be sure to start in the original positioni

2
0

2. Starting from the original position, one of the
four operations was performed.

0

X

R2

X

#11111111111i

1

(a) About which axis was the rectangle rotated?

(b) Which single operation was performed?

ANSWER:

X

1. H 0

b.)
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3. Starting from the original position

two operations were performed. The

second operation followed the first
without first going back tb.the original

position.
R2

0
I

H

I
,

xi

What two operations were performed?

(a) First operation

(b) Second, operation

was performed.

was performed.

4. When you perform operation Ros how many
degrees does the rectangle rotate?

3.

ANSWER:

R3 RI

4. 0

5. R ri) R = 5. 0
2 2

R
I6 R2 (10 R3 = 6.

7 R1 RO CO R3 (D RI 7
R
3.

8. (R3 (f) Ro) (i) = (Ro (fp R3) (f) RI

What property does the above illustrate:

(a) commutative

(b) distributive

(c) associative

(d) It doesn't illustrate any of
the above properties.

- 86 -
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SYSTEM WITHOUT NUMBERS: MEASURE Y3

ANSWER:

9. (a) Complete the following:

9. a)
R2

b) d

(b) What property does (a) illustrate:

(a) commutative

(b) distributive

(c) associative

(d) It doesn't illustrate any of
the above properties.

10. Write an equation to illustrate an identity 10.

element if you think one exists.

.R2

R3

Point Distribution: one point each.

Total Points: ten.

Ro = Ro, or

Ro = RI, or

or

Ro = R3
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Introduction to the Grailhing of Inequalities Program

As discussed in.phapter 3 of Part I, the impracticality of incor-

porating the experiment:directly into the instructional.sequence,

necessitated the development of additional programs. The.intern on the

math team wrote Graphing of Inequalitieswhich-is presented here in its

entirety: , three versions ef both A and B, .It is presented completely

because it illustrates a major revision, as well as some of the problems

a beginning programmer is likely to encounter.

The faults of the original p'A and p'B versions were mainly two.

First, they assumed.too much with regarçl to the students' background;

the students simply.did Dot have thejacility in graphing of straight

lines that-wwanticipated. Secondly, tihe program tried to teach too

much at one time; this resulted not only in the presentation of more

ideas.than. the student could)grssp,.but.also in.a program that was

longer than desirablefor purposes of the.experiment.

Versions p'A and, p!B review briefly the graphing of an equation

which is then related to the graphing of inequalities. Several forms

of inequalities are considered next beginning with x > y, progressing

to ax + by < c and making the distinction between ax + by < c and

ax + by < c. In addition, forms like as < c are considerc

The first revisions, p'', of both A and B takes just the first of

these concepts, the graphing of an equation, and reviews this idea in



three steps: finding points which satisfy a given equation, plotting

these points, and finding the straight line through the plotted points.

In p''B, equations which graph as lines parallel to the x- or y-axes

are also tOnsidered, while in p''A, no special mention is, made of such

Thè example- x -3 waS%included in.p" A as this was a troublesome

'point-forthe high-ability students. The main revision in,p'''B was ta

-COniiier.the detailed steps.:in finding, points which satisfied an

equation of the form ax 4- by = c; w'review using a slide pointing out

the steps necessary to graph an equation was included at the end of

.101r B.

Although a set of co-ordinate axes is not always indicated in the

reproduction of the workbooklet that fOlIows; such a grid-was included

in the studentid wOrkbooklet when necessary.- The same holds-true for

the meaSuieS 171,aY2, Y3, which follou the progtams. The'.major change

in the program froM p' to'pl-necessitated a corresponaing change in

measures Y and Y. In the'other programs, measures Y Y Y are
1 2' 12 2' 3

much mOre similar, as are Y
2

and 'Y
3

foir this progtak.
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SCREEN

Left Half Right Half

t(2)
I

(3)

3X + Y I= 9

(B)

Blank Slide

-94-
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RECORDED SCRIPT

You have worked with equations like

3x 4. y = 9, (2) and sketched their

graphs in the rational number plane.

(3) You did thia by plotting two points
which satisfied the equation and draw-

ing the straight line joining them,

for the graph of a linear equation
is a straight line. (6) So any point

on our straight line should make

3x 4. y = 9 a true statement. Pick

a point on the line and try it.*

(B) But an equation is only one kind

of number statement. For instance,

you have graPhed x > 3 on the 'number

line.

- 95 -

GRAPHING OF INEQUALITIES p' A

WORKSHEET

1. Pick a point on the line
3x 4. y = 9 ,( ) Check the

point to see if it satisfies
the equation:



GRAPHING OF INEQUALITIES p' A

SCREEN

Left Half

(9)

X > 3

-6-5-4-3-2-1 0 1 2 3 4 5 6

X > Y

- 96 -

Right Half

(10)

3X + Y < 9

= Y



GRAPHING OF INEQUALITIES - p' A

RECORDED SCRIPT WORKSHEET

(9) Why couldn't we graph (10) a
number statement like 3x + y15. 97

Such a statement is called an

inequality. The graphing of in-

equalities has important applications
for industry in linear programming,

a topic we will look at later. Right

now, let's find out how we night

graph an inequality, for instance
x> y. (10A)

First consider the simpler equation 2. Graph x = y

x = y. (11) Graph this equation.*

- 97 -
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RECORDED SCRIPT

The graph is this straight line (18)
passing through the origin.

Where do you think the graph of 2e>57
lies in relation to the graph of

x = y? Oft your graph of x = y in
question 2, ihade the area you thidk
represents the graph of x>y. Check
your result by picking a point in
yoUr shaded area. Does it satisfy

x>y?*

You should have concluded that the
graph of x>y looks like this. (19A)

99 -

GRAPHING OF INEQUALITIES - p' A

WORKSHEET

3. Shade x>y.in question 2.
Pick a point in.the area you
shaded. ( . )

Does it satisfy x>y?
aes or No)
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RECORDED SCRIPT

Is it possible that the points indi-
cated here (20) in blue are also a
part of the graph of x > y? Check
one of the points to see if it
satisfies x >y. *

(24) (23) Here you see two graphs
which differ slightly. See if you
can write down a number statement
(equation or inequality) which
represents each. * The graph on the
left is the graph of x > 1, the graph
on the right is the graph of x > 1.
the difference is the straight line
x = 1

r 101 -

GRAPHING OF .INEQUALITIES - p

WORKSHEET

4. Pick one of the points on the
screen. ( , )

Does it satisfy x > y?
(Yes or No) -

5. equation:

equation:



GRAVHING.OF iEtwALITIEs - p' A

SCREEN

Left Half Right Half

(26) (B)

Blank Slide

(27)

(29)

- 102 -
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RECORDED SCRIPT WORKSHEET

If we want to graph the Ismail Ix
(26) (B) x >-2y, it is easier to
first graph an equation. What
equation would be helpful in graphing
x >-2y?*

(27) x = i.27 would be a good equation
to consider. Graph this equation
and then shade the graph of x> -2y.*
Is the line x = -2y a part of the
grAph of x-> -2y?

(29) The correct graph of x>.-ZY does
not include the line x = 2y.

- 103 -

6. What equation is related to the

illtallitax="2Y?

Graph x = -2y

Now shade the graph of x=> -2y.

Is the line x = -2y a part of the
graph of x>. -2y? Explain.
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SCREEN

Left Half

(30)

3X + 2

( )

Blank Slide

Right Half

(B)

-

Blank Slide ,

(B)

Blank Slide
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RECORDED SCRIPT WORKSHEET

Now see if you can graph 3x + y > 2.* 9. Graph 3x + y >2
(30) (B)

Here is the correct graph. (31) Note
that since the equation is
3x + y >2 or 3x + y = 2, the line.
3x + y = 2 is indluded as part of the
graph.

(B) (B) Now-that you have an idea of
how to graph inequalities, consider
this problem.

X



444
1.4

444

C+J

AI
04

. p. " ,temum ,



RECORDED SCRIPT

What if we wanted the graph of all
the points (19A) (25) which satisfied
both x y and x >1? Graph both these
inequalities on ehe same number plane,
shading each a different color. How
will the points which satisfy both
inequalities be dhaded?*

We will explore this kind of problem
further and see how this idea can be
used to solve some interesting
problems.

GRAPHING OF INEQUALITIES - p' A

WORKSHEET

10. Graph x >. y and x 1 on the

same nuiter plane. (Use ink

for one, pencil for the other.)

X
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SCREEN

Left Half Right Half

(2) (3)

7_

3X + Y ii 9

- 110 -

A y

(B)

Blank Slide

(8)

(3, 0)

3 3 + 0 = 9

. . 9 = 9



RECORDED SCRIPT

In order to have a picture of an
equation (2) such as 3x + y 9, we

often graph such an equation in the
rational number plane. (3) What does

it mean to graph an equation, and how
do we go about doing it?

(B) First, what do we mean wben me

say that the.number pair (3,0)
satisfies the equation 3x + y a 9?
We mean that if we substitute 3 for
x and 0 for y in 3x + y 9, we get

a true statement. (8)

GRAPHING OF INEQUALITIES - pit A

?; r
WORKSHEET
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SCREEN

Left Ralf Right Ralf

(36) (B)

DOES
(4-26.1)'
SATISFY

3X 4. Y - 9 ?

Bink-aSiide.- - .

(37)

3i. 4:- / 1. 9

13. 2 --. 1 9 .

-5 #. 9

(4R) (B)

- 112 -

Blank Slide
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GRAPHING7 Olf INEQUALTIESP*- p." A

WORKSHEET

(36) (B) Does the point (-2,1) 1. Does (-2,1) satisfy 3x + y = 9?

satisfy 3x + y 9?*

No, because (37) when we substitute
it in, we get the result -5 = 9,
certainly not a true statement.

(4R) (B) Check the points (2,3) and
. (4,-3) to see if they satisfy :

3x + y mg 9.*

.

..: 113 -

Yes or No

2. Do (2,3), (4,..3) satisfy

3x + y = 9?

(2,3) (4,-3)

Yes or No Yes or No



GRAMM OF INEWALITIES - 101 A

(8R)

ItqfPr.P.gf

(3, 0)

SCREEN

-114-

Right Half

(4)

(2,3)
3.2 + 3 5

(4,-3)

3.4 + -3 = 9

(B)

Blank Slide

(3R)

(3,0)
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RECORDED SCR/PT WORKSHEET

Here are (4) the results of substi-
tuting the points in the equation.
Note that in both cases we get a
true statement.

Secondly, (8R) (B) let's take a look
at a number pair, for instance (3$0).

The first coordinate, in yellow, also
called the x-coordinate, is three.
The second or x-coordinate, in green,
is O. So to plot (3R) this ordered
pair on the number plane, go three
units in the x-direction and zero
units in the ridirection.

- 115
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Blank Slide
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Blank Slide
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RECORDED SCRIPT WORKSHEET

Try plotting these number pairs,

S4111 01 C2.3) End (4,-.3).*

(5) The plotted pairs look like this.

Can we also write down the ordered
pair that corresponds to a given
point in the plane? On the screen
(3RR) (B) are two such points. See

if you can write down an ordered
pair which represents each.*

-117-

3. Plot (2,3) and (4,-3).

4. The two'points are:



GUM:MG OF INEQUALITIES - pc ' A

r

SCREEN

Left Half Right Half

(3RRR)
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Blanl: Slide
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RECORDED SCRIPT WORKSHEET

The point (3RRO on the left is
(-5,-1), the one on the right

(2,-3).

(B) (B) Thirdly, equations of the
form 3x + y 9* x = 4, x-5y n 2
are called linear equations, because
their graphs are straight lines.

Mt have already found that these
three number pairs, (2,3), (4,-3)
and (3,0) satisfy 3x, y ge 9 (5R)

and we plotted these points.

-1197
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SCREEN

(27)

Left Half
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Right Half ,
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:
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Y

(2,3)
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e

f

(B)

:

Blank Slide
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RECORDED SCRIPT WORKSHEET

So, to draw the graph of 3x + y = 9,
(7) we simply draw the straight line
between-these points. Note that the
line passes through all:three points.

(27) (B) Let's say you are given the
equation x = -2y and you want to
draw its graph; First, how will
you find points that satisfy x = -2y?
You could pick a value for y, say
y = 2. What is x then?*

X = -4. What is x if y = 0? If y
is -1 1/2?*

If y is 0, x is O. If y is -1 1/2,
x is 3.

Second, plot these points, and third,
draw the straight line joining then
to get the graph of x = -2y.*

- 121 -

5. If y 2, 'what is x1' ( ,2)

6. y = 0, what is x? ( 0 )

y = -1'1/2, vihat is x? (1, - 11/2

7. Plot the points in 5 and 6 and
draw the graph of x = -2y.

i`Y
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Left Half Right Half
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X + 2Y = 4 Blank Slide

(39)

X + 2Y = 4
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x = -2y looks like this. (28)

(38R) (B) Now try-graphing x + 2y = 4.

If you are stuck as to how to begin,

solve the equation for x and find three

number pairs which satisfy the

equation. Then plot them and draw

the line.*

Here is the result. (39) Note that
the third point serves to check our

work.

If the line does not go through all
three points, we can go back and
check-our computations and the
plotting of our number pairs.

- 123 -
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(2)

SCREEN

Left Half Right Half

(3)

3X + Y = 9

126 -

(B)

Blank Slide

(8)

(3, 0)

3 3 + 0 = 9

. . 9 = 9
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RECORDED SCRIPT WORKSHEET

In order-to have a picture of an equa-.
tion (2) such as 3x + y = 9, we often
graph such an equation in the rational
number plane. (3) What does it mean
to graph an equation, and how do we
go about doing it?

,

1

(B) First, what do we mean when we say
that the number pair (3,01 satisfies
the equation (8) 3x + y = 9? We mean
that if we substitute 3 for x and 0
for y in 3x + y = .9, we get a true
statement.
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(36)

SCREEN

Left Half Right Half

(B)

DOES
(-2,1)

SATISFY
3X + Y = 9 ?

(4)

(2,3)

3.2 + 3 = 9

(4,-3)

3.4 + -3 = 9

- .128 -

'Blank Slide

(37)

(B)

Blank Slide
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(36) (B) Does the point (-2,1) satisfy 1. Does (-2,1) satisfy 3x + y = 9?

3x + y 9?*

Yes or No

No, because (37) when we substitute it
in, we get the result -5 = 9, cer-
tainly not a true statement.

(4) (B) Note here that the points
(2,3) and (4,-3) satisfy 3x + y = 9,
because when we substitute them in
the equatiOn, in get true statements.
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(8R)

Left Half

(3, 0)

(4R)

(2, 3)

SCREEN

Right Half

Blank Slide

1...

(3R)

B

Blank Slide
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Secondly, (8R) (B) let's take a look
at a number pair, for instance (3,0).

..The first coordinate, in yellow, also
called the x-icoordinate, is three.
The second, or yr.coordinate, in green,
is O. So to plot (3R) this ordered
pair on the number plane, go three
Units inthe x-direction and zero
units in the x-direction.

Try plotting these number pairs, (4R) 2. Plot (2,3) and (4,-3).
(B) (2,3) and (4,-3).*
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3RR)

SCREEN

Left Half *Right Ralf

(5)

- 132-

A Y

r (2, 3)

(10

Blank Slide
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(5) The plotted paits look like this.

Can wt also write down the ordered

pair that correspands to a given

point in the plane? On the screen
(3RR) (B) are two such points. See

if you can write down an ordered pair

which represents each.*

The point (3RRR) on the left is

(-5,-1), the one on the right (2,-3).

3. The two points are:
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SCREEN

Left Half
Right Half

(B)

Blank Slide

(51t)

.(2, 3)
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GRAPHING OF INEQUALITIES - p'" A
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WORKSHEET'

(B) (B) Thirdly, equations of the form
3x + y = 9, x = 4, x - 5y- 2 are

called linear equations, because their

graphs are straight lines.:

We have already found that these three

number pairs, (2,3), (4,-3) and (3,0)

satisfy 3x + y = 9 (5R) and we plotted

these points.

So; to draw the.graph of 3x + y = 9,

(7) we simply draw the straight line
between these poinii. Note that the

line passes through all three points.

- 135-
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SCREEN

Left Half

(43)- (42A)

(27)

X= -2Y

- 136-

Right Half

.(-3, 4) 0)

(-3, 3) 71)

(-3, 2) (-3, r.2)

(-3, 1) (-3, -3)

(B)

Blank Slide

(44)

1) Find three number pairs
which satisfy the equa-
tion.

2) Plot these points.

3) Draw the straight line
through them.
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RECORDED SCRIPT WORKSHEET

(43) Here is the graph of x = -3, a
line parallel to the y-axis. (42A)

Note that since y is not mentioned in
the equation, it can have any value.
All.these points satisfy x = -3..
Whenever a line is parallel to one of
the axes, it has an equation of this
form.

(27) (B) Let's say you are given the
equation x = -2y and you want to.draw
its graph. (44) First, find three
number pairs which satisfy x = -2y.
Then plot these points, and draw the
straight line through them.*

4. Graph x = -2y.
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SCREEN

Left Ralf Right Half

(28)

(38R)

X + 2Y = 4
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(-4, 2) X = 2Y

;.

(3, -1 1/2)

,(B)

Blank Slide
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(28) x = -2y looks like this.

(38R) (B) Now try graphing x + 2y = 4.* 5. Graph x + 2y = 4.

Here is the result. (39) Note that the
third point serves to check our work.
If the line does not go through all
three points, we can go back and check
our computations and the plotting of
our number pairs.

x>
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You have worked with equations like

3x y = 9 (2) and sketched their
graphs in the rational number plane.
(3) You did this by finding some num-
ber pairs for which this equation was

true. For instance, 3x + y 21 9 is

true for (2,3) and (4,-3). (4) We
plot these points. (5) You also know
that any equation like this is linear
so that its graph is a straight line.
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So once we have two points, we draw
the straight line between them and we
have the graph of 3x + y = 9. (6) Is
this correct? If it is, we should be
able to take any point on our straight
line and by substituting its coordi-
nates in the equation, get a true
etatement.

Let's try it for the point (3,0). (7)
Putting (8) it in our equation, we
have 3 3 + 0 = 9 or 9 = 9.

But an equation is only one kind of
number statement. (9) (B)
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For instance, you have graphed x 3

on the number line. (B) Why couldn't
we graph (10) a number statement like.
3x y t 9 in the number plane?

Such a statement is called an inequar-
ity. The graphing of inequalities has
importatt applications for industry
in linear programming, a topic we will
look at later. Right now, let's find
out how we might graph an inequality,
for instance x ) y. (10A)

First we consider a simple equation,
x = y. (11) List some of the ordered
pairs for which x = y is true.*

-147-

1. List some ordered pairs which
satisfy x = y
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Some of the pairs you might have listed

are these. (12) Now plot these points

and draw the graph of x y.*

It is a straight line (13) which goes
diagonally from the lower left=hand
corner to the upper right=hand corner
through the origin.

2. Plot your points and draw the

graph of x = y.

<

fry

Now let's consider graphing x > y. 3. x k y is the same or

(10A) (B) Does knowing the graph of
x = y help any? Can you write x > y

as two simpler statements connected

by "or"?*
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(15A) Recall that x y is just
another way of writing x > y or x = y.
We already have the graph of x = y.

(B) List some number pairs which make
x > y a true statement.*

Here are some. (17) You may have

listed others, of course. Be sure

Chat for all the number pairs you
listed, the first element is greater
than the second.

4. x > y )
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Plot the number pairs you found on the
number plane. (18) Note that x = y is

already indicated.*

GRAPHING.Of INEWALITIES p' B

WORKSHEET

5. Plot the number pairs from the
last question.

Where do all the points you plotted 6. Where do all the points you just

fall in relation to x = y?* plotted fall?

Here are some of the points you may
have found. (19) They all lie below
the line x = y. What do you think is
the graph of x 3,y? Does every point
below the line x y satisfy the
relation x y? (190 Is it possible
that a point above the line also be-
longs to the-graph of x: 2: yl Let's

try a point. (20) (B)

ar153-

7. Indicate the graph of x > y.
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What are the number pairs for the blue

points on this graph?*

8. What are the number pairs for
the blue points on this graph?

1 ) ) *)

Do they make x > y a true statement? 9. Dg_the points in. 8 satisfy

x > y?

For instance, one of the points is the
ordered...pair (2, 3 1/2). (21) Here
x y so it does not belong to the
graph. Thus, the graph x > y is the
read dhaded area.

Here is the.graph of x y again. (22)

'.(B) Can you shade the area of y > x
and thus 'obtain the graph of y x?*

Yes or No

10. ...Shade the graiA of y > x.
;

:

X \
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(22A) Here is the graph of,y x.
To see this, AiTy,any, number pair in
the shaded area; and see that y> x.
For instance, 2.

(23) The red shaded area is the
graph in the plane of all ordered
pairs (x,y) with x.> 1. Is the red
line a part of the graph of xa 1?*
The difference between the graph:of
x: 1 (24) and the graph of x 1
(25) is the red line x a 1.

-157-

11. Is the red line a part of the
graph of xk 1?

Yes or No
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If, then, we want to graph 'IL> -2y,
(26) (B) it is easier to first graph
an equation. What equation would be
helpful in order to get the graph of
x. 7 -2y?*

We could try x = -2y.(27) Find some
number pairs which make x -2y a
true statement, and then plot these to
get a graph of x =-2y.*

It looks like this. (28) Now find
some ordered pairs which make x >,-2y
a true statement. Plot them in prob-
lem 13.*

.1.

-159-

tz

GRAPHING OF INEQUALITIES - p' B

WORKSHEET

12. What is an smatim related
to x > -2y?

:

13. a) Points which satisfy x = -2y.

. )

( )

( , )

b) Points which satisfy x >4.2y.

)

)

. ! Moo, . .,



GRAPHING OP INEQUALITIES -

Left Half

(29)

B

yMINMOO

h....6.15%1%7.1Y I.Y1 e:'.
,

s- I - - "..
-1,...; zos:.!..

I-L.:- a 're. :Y.;
L

L'.2.131.-0 :1 '
I. ;Pt'. YVA.1411.:::111.1 f!xl f *-1.11 ..s:3;Z!'i

t t"..Z7 St-2f I.
yi 4

or;
I 17-4:

1!1. 1)47.:::-'34-1!'
;:s.4T.Ji .

sii.;
et. 4' 1-4 f

X > -2Y

(30)

3X Y > 2

SCREW

-160-

7:

( )

light Halt
I. 1!

Blank Slide

.



RECORDED SCRIPT

GRAPHING OF INEQUALITIES - p' B

WORKSHEET

Do they all lie on one side of the 14. Do all the points in 13b lie on

line x = -2y?* one side of the line x = -2y?

Yes or No

Is the line x = -2y a part of the 15. Is the line x = -2y a part of the
graph of x > -2y?* graph of x >-2y?

(29) When you use a related equation
like x = -2y, why don't you include
its graph as a part of the graph of
x> -2y?*

Yes or No

16. Why?

Now see if you can graph 3x + y .> 2. 17. 3x + y > 2.
(30) (B)

-161-
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(31) Here is the correct graph. Note
that since the equation is 3x + y 2

or 3x + y = 2, the line 3x + y = 2 is

included as part of the graph.

(B) (B) We will explore this kind of
problem further and see how the graph-
ing of inequalities can be used to
solve some interesting problems.

GRAPHING OF INEQUALITIES - p' B

WORKSHEET
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In order to have a picture of an
equation (2) such as 3x + y = 9, we
often graph such an equation in the
rational number plane. (3) What does
it mean to graph an equation, and how
do me go about doing it?

First, what do we mean when we say that
the number pair (3,0) satisfies the
equation 3x 4.y = 9? We mean that4f
we substitute 3 for x and 0 for y in
3,k4. y = 9, we get a true statement,
(8) since 3 x 3 -+ a.s. 9.

-

(B) Which of these ordered pairs (12) 1. Which of the ordered pairs
satisfy x = )7M shown satisfy x = y?

167 -
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They all do, for the first element of:
each order pair is equal to the second.

Does (36) (B) the-point (-2,1) satisfy 2. Does (-2,1) satisfy 3x + y = 9?

3x 4. y = 9? Try it.*

-

Yes or No

(4,1) does not satisfy 3x + y = 9
because (37) when we substitute it in
die equation, me get the result -5 = 9,
certainly not a true statement.

- 169 -"



.

GRAPHING OF INIQUALITiES - P" B

SCREEN

Left Half

(4R) (2)

(8R)

(3,0)

- 170.-

Right Half

3X Y 3= 9

(4)

(2.0)
3 f=.§.

(4,-3)

3 4 + -3 ler 9

(B)



RECORDED SCRIPT

GRAPHING OF -INEQUALITIES - p' I B
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Check (4R) (2) (2,3) and (4,-3) to see 3. Do (2,3), (4,-3) satisfy
if they satisfy 3x + y = 9.* 3x + y = 9?

Here are (4) the results of substi-
tuting the points into the equation.
Note that in both cases we get a irue
statement.

Secondly, (8R) (B) let's take a look
at a number-pair) for instance (3,0).
The first coordinate, in yellow, also
called the x-coordinate, is three.:,
The second or y-coordinate, in green,
is:zero. So, to"plot this number pair,
start at the origin Where the x and y
axes,cross, and go three units to the
right. Then go zero units up. Doi

this.*

- 171 -

(2,3) (4, -3)

Yes or No Yes or No

4. Plot (3,0).
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(MI) Uere is the result.

Try plotting these number pairs, (B) 5. Plot (2,3) and (4,-3).

(B) (2,3) and (4,-3).*

The (5) plotted pairs look like this.
Notice that for the pair (4,-3).after
going 4 units to the right, you go
down three units because the y-coordi-
nate is negative three.

173-
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-
(311R) (B) Let's turn the problem around.. 6. The two points are:

Here are two points plotted on the
rational number plane. Can yciu Write ) )

down the coordinates of each point by
seeing first how many units in.the
x-direction you must go, and then how
many units in the 1.-direction?*

The point (3RRR) on the left is
(-5,-1) the other point is (2,-3).

Thirdly, (B) we note the fact that
equations of the form 3x + y = 9 (2)
where we have only x's, y's and num-
bers, are called linear, because they
always graph as straight lines.

- 175-
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x = -3 (42) and x + 2y = 6 (38) are
other examples of linear equations.

(B) For the equation 3x + y = 9 we

have found and plotted three number
pairs which satisfy the equation.(SR)
Here are these points. To draw the
graph of 3x + y = 9, we simply draw
the straight line between these points.
Do this. Does the line pass through
all three points?*

(7) The graph of 3x y = 9 is this
straight line which passes through
all three points we plotted.

177 -

7. Draw the graph of 3x + y = 9.

y



GRAPHING OP INEQUALITIES -p" 3

SCREEN

Left Half Right Half

(27)

A

- .178 -

z"-

t, &



RECORDED SCRIPT

(27) Let's say you are given the
equation x -2y and you want to draw

its graph. Let's go through the three
steps once 4ore. First, how will you
find points which satisfy x = -2y? Try

picking a value for y, say y = 2. What
does x equal if y 2?*

GRAPHING OF !INEQUALITIES-

WORKSHEET

B

8. a.) If y = 2, what is xl

The number pair is ( , 2).

x = -4, so the number pair is (-4,2).

What is x if y = 0?* b.) If' y = 0, what ié

x = 0 and the number pair (0,0) satis- The number pair is ( 0).

fies our equation.

What is x if y = -1 1/2?* c.) If y is -1 1/2, what is x?

x is 3, and the number pair is
(3, -1 112).

So we have found three points Which
satisfy our equation. The second step
is to plot these points. Do this.*

Ftnally draw a straight line through
these,pofnts,

(28) Did your line pass through all
ehree points ltke this? If not, re-
check the way you plotted the points.

- 179

The number pair is .

( -1 1/2).

9. Plot the three number pairs in
question 8.
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(42) (B) Let's look at the equation
x = -3. List some number pairs which
=Ire. - -3 a true statement.*

You could have listed any number pairs
with -3 as the first element. For
instance (-3,0) or (-3,2) or (-3,-4).
Since y is not mentioned in the equation,
it can have any value. Plot your points.*
'Do they all lie on a straight line like
this?* (43)

Now try (38R) (B) graphing x + 2y = 4.
If you are stuck as to how to begtn,
first solve the equation for x.*

- 181 -

10. List same number pairs which
satisfy x = -3.

11. Plot your points from 10.

4

12. Solve x + 2y = 4 for x.



GRAPHING OP INEQUALITIES - p " B

SCREEN

Le f t Half Right Half

(39)



GRAPHING OF INEQUALITIES - plt B

RECORDED SCRIPTS WORKSHEET

x = 4 - 2y is just another way of
writing x + 2y = 4. Now you can pick
3 values for y. and find the corres-
ponding values for x. Do this; plot
your points, and draw the straight
line joining them.*

(39) Here is the result. Note again
that the third point serves to check
our work. If the line does not go
through all three points, we can go
back and check our computations and
the plotting of our number pairs.
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In order to have a picture of an
equation (2) such as 3x 4. y = 9, we
often graph such an equation in the
rational number plane. (3) What does
it mean to graph an'equation, and how
do we go about doing it?

First, what do we mean when we say
that the number pair (3,0) satisfies
the equation (8) 3x + y = 9. We mean
that if we substitute 3 for x and 0
for y in 3x + y = 9, we get a true
statement, sinte 3 x 3 + 0 = 9.

(B) Which of these ordered pairs (12) 1. Which of the ordered pairs

satisfy x = y?* shown satisfy. x = y?

They all do, for the first element
of each ordered pair is equal to the

second.

- 187 -
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I I I

Does (36) (B) the point (-2,1) satis- 2. Does (-2,1) satisfy 3x + y = 9?

fy 3x + y = 9? .Try it.*

Yes or No

(-2,1) does not satisfy 3x + y = 9
because (37) when we substitute it in
the equation, we get the result -Val 9,
certainly not a true statement.

Check (4R) (2) (2,3) and (4,-3) to 3. Do (2,3)1 (4,-3) satisfy
see if they satisfy 3x + y = 9.* 3x + y = 9?

OMI111
(2,3) (4,-3)

Yes or No Yes or No

- 189-



GRAPHING WINEANIALITIES p" B

SCREEN

Left Half Right Half

(4)

*(2,3)

3 2 + 3 az 9

(4,-3)

3 4 + -3 9

(811) (B)

(3,0)

- 190 -

Blank Slide

(3R)

(3,0) X

\



GRAPHING OF INEQUALITIES - p" B

RECORDED SCRIPT WORKSHEET

Here are (4) the results of substi-
tuting the points into the equation.
Note that in both cases we get a true
statement.

Secondly, (8R) (B) let's take a look
at a number pair, for instance (3,0).
The first coordinate, in yellow, also
called the x-coordinate, is three.
The second or z-coordinate, in green,
is zero. So, to plot this number
pair, start at the origin where the
x -.and y-axes cross, and go three
units to the right. Then go zero
units up. Do this.*

(3R) Here is the result.

- 191 -

4. Plot (3,0).
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Try plotting these number pairs, (B) 5. Plot (2,3) and (4,-3).
(B) (2,3) and (4,-3).40

The (5) plotted pairs look like this.
Notice that for the pair (4,-3) after
goihg 4 units to the right, you go
down three units because the x-coordi-
nate is negative three..

(3RR) (B) Let's turn the problem
around. Here are two points plotted
on the rational number plane. Can
you wite down the Coordinates of each
point by seeing first how many units
in the x-direction you must go, and
then how many units in the x-direction?*

- 193-
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The point (3REB) on the left is .

(-5,-1) fhe other point is (2,-3).

Thirdly, (B) we note the fact that
equations of the form 3x + y al 9 (2)
where we have only x's, y's and num-
bers, are called linear, because they
always graph as straight lines.

3.0a 3 (42) and x + 2y la 6 (38) are

other examples of linear equations.
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(B) For the equation 3x + y = 9, we
have found and plotted three number
pairs which satisfy the equation. (5R)
Here are these points. To draw the
graph of 3x y = 9, we simply draw
the straight line between these points.
Do this. Does the line pass through
all three points?*

(7) The graph of 3X+yar9 ii thii
straight line which passes through
all three points We plotted. The
graph is not just the line-setkint
joining these three points, but the
line extending infinitely far in eadh
direction.

(27) Leet say you are given-the
equation x = say and you want to draw
its graph. Let's go through the three
steps .once more. First, hoW will you
find pOints which satisfy x
Try picking a value for y, say y = 2.
What does x eqUal if y = 2?*

x = -4, so the number pair is (-4,2).

- 197-
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WITSIEEET

7. Draw the graph of 3x + y = 9.

8. a.) If y = 2, what is x?

The number pair is ( , 2).
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RECORDED SCRIPTS WORKSHEET

What is x if y = 0?* b.) If y = 0, what is x?

x = 0 and the number pair (0,0) sat- The number pair is ( 0).
isfies our equation.

What is x if y = -1 1/2? c.) If y is -1A/2, what is x?

x is 3, and the number pair is
(3, -1 1/2).

(27A) So we-have found'three points
which satisfy our equation. The
second.step is to plot:these points.
Do this.*' :

Finally, Araw a straight line through
these points.*

(28) Did your line pass through all
three points like this? If not, re-
check the way yOu plotted the points.

- 199 -

The number pair is ( ,-11)

9. Plot the number pairs in
question 8.

X
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(42) (B) Let s look at the equation

x = -3. List same number pairs vihih
make x.= -3 a true statement:*

(420 You could have listed any num-
ber pairs with -3 as the first element.
For instance (-3,0)-or (-3,2) or
(-3,-4). Since y is not mentioned
in the equation, it can have any value.
Plot your points.* Do they all lie on
a straight line'like this? (43)

GRAPHING OF INEQUALITIES - p'" B

WORKSHEET

10. LiseiOme nUmber pairs which
satisfy x = -3.

11. Plot your points from question 10.
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SCREEN
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X = 4 - 2Y
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Now try (38R) (B)-graphing x 4-2y = 4.
If you are stuck as to how to begin,
first solve the equation for x.*

(39A) x = 4 - 2y is just another way
of writing x + 2y = 4.

Now you can pick 3 values for y and
find the corresponding values for x.
(39A) You might organize your infor-
mation in the form of a chart like this
one on the screen. Do this, plot your
points, and draw the straight line
joining them.*

- .203 -

12. Solve x + 2y = 4 for

13. x = 4 - 2y.
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(39)

(

2Y. = 4

V

(40) (B)

a,

X - Y = 3

- 204 -

Blank Slide

Find three number pairs
which satisfy the equa-

tion.

2) Plot these points..

3) Draw the straight line
through them.
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(39) Here is fhe result. Note.sgain
that the third point serves to check

our wait. If the line does not go
through all three points, we can go
back and check our computations and
the plotting of our number pairs.

(40) (B) Graph x - y = 3. Follow the 14.

(44) three steps as outlined on the

screen.*

x
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OM The graph is this line.



GRAPHING OF INEQUALITIES:
MEASURE Y1

ANSWERS:

1. Plot and label the following points.

2. Graph 2x + 3y = 1

3. Break the numbel statement 5x + 3y > 4 3. 5x + 3y > 4 or
up into an equation and an inequality: 5x + 3y = 4

5x + 3y > 4 is the same as

1111111

Complete the equation of each of these 4. 1
graphs by filling in the blank with the a) y < -2'7
correct sign (< , is, <4 2)

b) x = -y
(a)

(b)

It

0./IMINIMMION=m1IMO

5. Graph:
(a) x > -2

()) x + y < 6

1 1
Point distribution: 1-11", 2-1, 347, 4-2, 5-4.
Total 10.

2 09 -



GRAPHING OF INEQUALITIES:
MEASURE Y

'2

1. Plot andLABEL each number pair.

a.) (-2,-2)

b.) (-3,0)
c.) (5,-4)
d.) (0,1)

Does (2,-7) satisfy 4y - x = 1?

3. Does (-3,1) satisfy 3x + 2y = -7?

4. Write down the number pair for each point.

A

5. Graph x = 2y

Graph 3x + 2y = 6

ANSWERS:

2. No

3. Yes

4.

A (0,3)
B (2,-3)

6. Write the equation of the red line. 6. x = 2

Point distribution: 1-2, 2-1, 3-1, 4-1, 5-4, 6-1.

Total 10.

,
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GRAINING OF INEQUALITIES
MEASURE Y3

1. Plot and L AB E L eadh number pair.

ANSWER:

a.) (0,-3k)

b.) (-4,2)

c.) (5,0)

d.) (3,-3)

2. The point (a,b) satisfies 2x y = 5. b 3

If a 1, what is b?

3. Does (1,-3) satisfy 3y 2x -S? No

4. Write down the number pair for each point. a. (-5,0)

b. (3,4)

5. Graph x 4y

Graph 3y 2x = 12

6. Write the eauation of the red line.

Point distribution: 1-2, 2-1, 3-1, 4-1, 5-4, 6-1,

Total 10.

- 211-
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Introduction to the Inequalities and the Number 'Plane Program

IlleasILW.DE and the Number Plane was an outgrovith of the Graphing

of Inequalities program, which was too long and assumed too much as far

as the ability of a student to graph straight lines was concerned. This

program teaches just the. concept of an inequality, based on the know-

ledge taughtin the previous program of the graphing of a straight line.

It does not consider what was regarded as an additional concept, the

distinction between ax + by < c and ax + by < c.

The original version, p'A, presented the student with a step-by-

step procedure for drawing the graph of an inequality, as shown on the

screen. Then the student was asked to graph an inequality on his own.

In addition, one example of an inequality of the form ax > c was

presented, because equations of the form aX = c had been especially

troublesome to the students.

In contrast, the p'B version tobk the student through a step-by-

step slide presentation of the graph of an inequality; the important

points were repeated on succeeding examples. For example, in Version

p1A, no specific mention was made of the fact that a point which

satisfies ax + by < c satisfies either ax+ by < c or ax + by = c,

for it was thought that the high ability students would grasp this

point. The low ability groupion the other hand, completed an exercise

to reinforce the verbal presentation of this point. Also, in Version

p'B, the graphing of a straight line was reviewed, for this knowledge

was necessary in the graphing of an inequality. The B version contained

,29/- 215 -



an example of the type ax = c.

The first revision, p"A, consisted mainly in-additional explana-

tion and clarification of the two steps in graphing an inequality.;

graphing a related equation, and detemining and shading the area of the

inequality. Also more information uas presented about the korm by = d,

and an illustrating slide was added.

In producing Version p"B and pmB, additional emphasis was also

placed on the forms ax = c and by = d, but here an exercise was added

to the workbooklets also. The other major revision of the B series was

to make clear (with additional text, slides and exercises) that

without the correct graph of the related equation, the inequality will

be graphed wrong. In addition the graphing of a straight line was re-

viewed several times.

As in Graphing of Inequalities, coordinate grids, although some-

times omitted here, were included wherever needed on the.workbooklets

and measures. Since the real problem was whether a student could graph

an inequality, items ytelding answers to this question were weighted

more heavily on the measure.
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(41)

X - Y = 3

(9)

;

X > 3

<-6-5-4-3-2-1 0 1 2 3 4 5 6

" Y

(46)

X - Y > 3

- 218 - 1



IEEQUALITIES AND THE NUMBER PIAVE - p' A

RECORDED SCitil WORKSHEET

You have worked with equations like

x - y = 3 (40) and sketched their

graphs in the rational number plane.

(41) But an equation is only one kind

of number statenent. (9)

For instance, you have graphed x > 3

on the number line. Why couldn't we

graph a :lumber statement like (46)

x I/ 3 in the number plane? Such,'

a numbet statement is an inequality ..

and we vill nou consider the graphing

of, such atatemeats.

- 219 -
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INEQUALITIES AND THE NUMBER PLANE - p' A

RECORDED SCRIPT WORKSHEET

(B) Here is the graph of the inequality
x > y. (19A) This graph was drawn by
first graPhing the line x == y, and

then shading the area x > y.

To see that any point in the shaded
area is a part of the graph, pick a
point in the shaded area. Is x> y?*

For any point in the shaded area you'
picked, you dhould have found that
x> y.

1. Pick a point in the shaded area.

)

Is x > y for your point?

Could a point from the area that is not 2. Pick a point from the unshaded

shaded also satisfy x > y? Try one.* area. ( )

None of the points in the unshaded
area satisfy x > y.

(23) Here is a graph of an inequality.
The red line is x = 1. What is the
number statement which represents the
whole graph?*

- 221 -

Is x > y for this point?

3. Number statement for .the graph

on the screen is:
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3X -I- Y > 2
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Right Half
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RECORDED SCRIPT WORKSHEET

(25) This is the graph of x > 1. (4711)

For, say we pick the point (3,-1) from

the shaded area. The x coordinate is

three, so x > 1 and the point satisfies
the number statenent x > 1.

(30) (B) Now graph 3x + yzt 2. You
might begin by graphing an equation.
Then decide on Which side of the line

the rest of the graph lies, and shade

this area.*

(31) Here is 3x + y > 2.

- 223-

4. Graph 3x + y > 2.

X
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1

(35R) (B) An interesting problem ior

you to think about is how the graph

of y > kxf will look. As a hidi,

start with the graph Of y is pci 4

i
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- Y = 3

(9)

X > 3

6-5-4-3-2-1 0 1 2 3 4 5 6 )

(10A)

X > Y

-. 228 -

X - Y = 3

X - Y > 3

(B)
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INEQUALITIES AND THE NUMBER PLANE - p' B
.

RECORDED SCRIPT WORKSHEET

You have worked with equations like

x - y = 3 (40) and sketehed their graphs

in the rational number plane. (41)

But an equation is only one kind of

number statement. (9) For instances
you have graphed x > 3 on the number

line. Why couldn't we graph a number
statement like (46) x y > 3 in the
number plane? Such a number statement
is an inequality; and we will now con-
sider the graphing of suCh statments.

(B) We begin with the inequality
x y. (10A)

- 229 -
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Left Half
Rielt Half

X

(44)

1) Find three number pairs
which satisfy the equation.

2) Plot these points.

3) Draw the straight line
through them.

(13) (B)

- 230-
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The best way to graph an inequality

is to first graph the (11) related

equation, In this case x = y.

(44) Recall how we graphed such an
equation and then graph x

1. Graph x = y.

(B) The graph of x = y is this
straight line (13) which goes diagonally

from the lower left hand corner to the

upper right hand corner through the

origin.

- 231-
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(15) Now notice that x > y is ieally
made up of two simpler itatements.
Can you write x y as tWo simPler
statements connected by "ornlit

(15A) Racal/ that x y is just
anorher.way of writing x > y or x y.

Since -we have the graph of x y, we
now need to find some points which
satisfy x > y.

2 4 x > y is the same ati:

1=111, or

(16) List sane number pairs which make 3. List some number pairs which
x > y a true statement.* satisfy x > y.

( , ) ( , ) ( , )

- 233 -
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Here are some. (17) You may have listed
others of course. Notice thilt the
first element of each ordered pair is
greater thin the second. Thiis is vihat

we mean When we say x > y. Be sure thiat

for all the number pairs yiou listed
the first element is greater than the
second. Plot the number pairs you.
found. Note ihat x = y iS already:
indicated.*

4. Plot yOur points in (3).

(

Where do all the points you plotted S. Where do all the points in ques-
lie in relation to x = y?* tion lie in relation to x = y?

Do all your points lie below (19R) the
line x = ys like these do? They
should.

(B) Can you find any point below the 6. Is there any point below x =
line which does not satisfy x >yl* which does not satisfy x > y?
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RECORDED SCRIPT

You should have found that any point

below the line which you tried satis-
fies x > y. So (19A) to indicate the
graph of x > y -we shade this area.
Do this on your grapli on question 4.*

INEQUALITIES AND THE NUMBER PLANE - p' B

WORKSHEET

(B) We should also check a point above 7. Pick a point. ( , )

the line. (20) Pick one of the points
indicated here in blue to see if it Does it satisfy x > y?

satisfies x > y*

(21) For instance, one of the points

is (2,3 112). Here x < y so it does

. not belong to the graph.

- 237 -



INETIMAITIES AIM TEE NiiMBER 'MANE - p' B

Left Ralf

(26R)

X > -2Y

SCREEN

- 238 -

Right Half

(B)-

-

4

Blank Slide



1

- -, :,,,,,1 ...,....,,s_ _.r--;,,,q!;,1,-A712.',., ,. .-, ,..-71,71.7.7.1..7 e7:1.:-.-. .47"....7,-.....?".._: _. ...7...-;:. _ - : -- --.77,....,1,-,-Y73.., "':'-' '--.

RECORDED. SCRIPT

(B) Thus the graph of x y is the line
x y plus the red shaded area.

INEQUAL/iIES AND.THE NUMBER. PLANE p' B
. '.!

WORKSHEET

T

,
Now let's graph x -2y. (26R) Again 8. What ,eouation is useful to
we begin by graphing an, equation. What graph x
equation?* -

(27) x »2y is the equation to con- 9. Graph x se -2y.
Bider. Graph it.*
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RECORDED SCRiPT WORKSHEET

(28) Here is the graph of X 2y.
Now to find the graph Of x > -2Y try a
point above the red line and a Point
below the red line to see which latis6
fief; X > -2y. Shaila the atea which
you think contains points which satisfy

x > -2y on the graph in question 9.*

(nR) Points which satisfy x > -2y lie
above the red line. (47R) For instance,
(1,3) lies above the red line and
1 >-6.

(B) So, the graph of x > -2y is :the
line plus the shaded area.
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(48)

.11

(49)

(3,-2)

3 > 1

Graph is X > 1



INEQUALITIES AND "'RENUMBER PLANE - B
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(23) Here is the graph of an inequality.

You will recall that the equation of

the red line is x 1. What inequality

is this the graph of?

(48) There are two possibilities, 2C: 1

and x; 1. Try a point in the shaded

area and see mhieh inequality is

satisfied.*

(25) This is the graph of x :a 1. (49)

Consider the point (3,-2) in the

shaded area. Certainly 3 > 1, so it

satisfies the inequality x; 1.

-243-

WORKSHEET

10. Pick a point in the dhaded area

( )

Does it satisfy x < 1?

Does it satisfy x > 1?
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(30) (B)

3X + Y > 2
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(30) Finally, graph 3x + y ;t 2. First 11. Graph 3x + y > 2.

graph the line, then shade the area of

the inequality.*

X

(31) Here is the result.



INEQUALITIES AND THE NUMBER PLANE:'
MEASURE

; :
ANSWERS

1. Break the number statement 3x 4- lly > 7 .up, 1 3x 4 ily > 7 or
into an equation and an *inequality. "' 3x + lly ad 7

2. Complete the equation of each of these.graphs y 1_

by filling in the blank with the correct sign.
( * 9 = ) y (b) x >
(a)

(b)

x
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3. Graph each equation

a.) y > 3
k

b.) 2x + y > 8

ANSWERS

4., a.) Does..(3,6) satisfy 4x +- 5y > 40 7 4. a.) Yes

b.) Does .(-2,12) satisfy 4x + 5y > 42 ? b.) Yes

Point distribution: 1-1, 2-2, 3-5, 4-2.
'1.0

- 248 -
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Appendix A

Table 28. Raw data* for Experiment 1 (Scientific Notation)

o
>
o

..3

:3
<

c
o

..-
AC)MINISTRATIC)N

1 2

I-1

A 10, 10, 4 10, 10, 10 10, 8, 9

B 8, 4, 3 1 10 10, 4, 8 10 10, 4, 10

A 2, 3 3 2 3, 9, 8, 1 7, 1 9, 9

B 1, 0, 10, 4 5, 1, 9 10 9, 10, 10

I I

A 3, 1 1 5 6 3, 4, 5

B 10 4 2 10 7 10, 10

A 3, 3, 0, 2 6, 1, 0, 1

B 3,5,5 9, 9, 9, 5

I I I

oe

H
A 9,9,4,1 2, 10, 1

B 2, 0, 10 9 10 10, 9

1, 1, 1 2 5, 1, 1

B 0 3 3, 10 10 5 4

0
..-..

10, 10, 9 9, 10

B 9710
,10,

1 10
1 v

1 3, 3 2 4

1, 2, 3 10, 6, 10

*
Each number represents the points awarded for correct responses
on the appropriate measure (Y1, Y2, Y3).
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Appendix A (continued)

Table 29, Raw data* for Experiment 2 (System Without Numbers)

o
>
o

55
<

c

j
ADAAHAISTRATIC)N

2
________........

H
A 10, 10, 8 10, 9.5, 5 9, 7.5

B 9 10 8 10, 9.5 9.5 10, 6.5

A 9, 4, 9, 4 6.5 6.5, 8.5, 2.5

B 9, 7, 9 4.5, 8.5 9 5 6.5 4 6.5

1 i

6, 6, 10, 8 7, 5.5
.....

B 9,7,9 8, 6.5

3, 7, 10, 3.5, 6.5, 6.5, 3

B 8,6,6 8.51 5 5

od

H 1

H
9 6, 6 9, 9.5, 3.5

B 5, 10 10 7 10

A 4, 6 2.5, 5.5, 3.5

B 9,7,9,6

0 i v

8, 10, 9 6 9.5, 7.5, 8

B 10 5 9 9.5
-

L%A 3, 7, 5, 6 7, 7, 9.5

B 9, 9, 8, 6 9, 10, 8.5
,

*Each number represents the points awarded for correct responses
on the appropriate measure (Y1, Y2, Y3).
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Appendix A (continued)

Table 30. Raw date for Experinent 3 (gradamof lasspalities)

o ADMINISTRATION
c

A
B

A

B

5, 4, 6.5, 2.5 9, 5

4 6.5, 10, 7.5.5 2.5

2, 2.5 2.5 6.5, 4, 9, 4

2.5, 5 2.5 6.25 6 9 4.5 9.5

2, 4, .5 7.5

10, 9, 0 6

2.5, 1.5,

2.5, .5 1

.0

3

9, 9, 6

2, 9, 10, 7

9, 4, 8.5, 6

A 2, 1

B 2.5, 1.5, 9

A 4.5, 1, 2 2.5

C5 IV

*
Each nuuter represents the points awarded for correct responses
on the appropriate Measure (111,

4 3,1

5 7 4, 10

5, 4

8 10, 9

7 6, 2

9,5 10

2.5

5 10

4

1.5 2..5, 1.5, 8.5 7, 9,10

4.5, 1.5 3.5 1 9, 7 8, 7

.5, 0, 2.5, 3 2.5, 3, 2.5

2.5, 1.5, 1 5, 3, .5



Appendix A (continued)

Table 31. Raw data
*

for Experiment 4 (Inequalities and the Number Plane)

0
.J

.
t:

C
0..w
IS>

AE)MINISTRATIC)t4

9 3**

0

I

H
A 5.5, 3.5, 9.5 5.5, 9

B 4.5, 10, 6, 5 4.5, 10
.

L
A 2.5, 2 1, 1

13 4.5, 4, 6.5 6.5, 4, 2

I i

H
A 5.5, 5.5, 10

B 5.5, 10, 3
. .

L
A 2, 7.5

B 4, 4.5, 3

I I I

H
A 8 4 9 3.5

B 6 5, 7.5, 10, 5 5 2.5

L
A 2 0 1

B 3 3

IV
H

A 9, 2

B
7.5,7,9

L
A 5.5

B 2, 5.5, 9

*Each number represents the points awarded for correct responses
on the appropriate measure (rl, Y2, Y3)

**.
Administration 3 was not completed.



Appendix B

Table 32. Results of the analysis of variance for Experiment 1

(Scientific Notation): first administration of Measure Yl

alowinmerlisrirI11-

Source of Variation SS df MS

Ability level 41.286 1 41.286 3535a

Program .571 1 .571 .038

Ability level
X Program 41.286 1 41.286 3.535

8

Error 280.286 24 11.6719
Total 363.429 27

a
significant at the .10 level

Table 33. Results of the analysis of variance for Experiment 1
(Scientific Notation): second administration of Measure Y

Source of Variation SS dfl MS

Ability level 99.076 1 99.076 12.6728

Program 12.449 1 12.449 1.592

Ability level
X Program .779 1 .779 .100

Error 179.819 23 7.818
Total 171=.3 "'IC

a
significant at the .01 level

1In addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.

.7-



Appendix B (continued)

Table 34. Results of the analysis of variance for Experiment 2
(System without Numbers): First administration of Measure Yl

Source of Variation SS df MS

amommw =f.
Ability level 9.375 1 9.375 2.622

Program 12.042 1 12.042 3.3696

Ability level
X Program 5.042 1 5.042 1.410

Error 71.500 20 3.575
Total 97959 23

a
significant at the .10 level

Table 35. Results of the analysis of variance for Experiment 2
(System without Numbers): second administration of Measure Yl

Source of Variation

..-11111111Mi

SS

Ability level

Program

Ability level

14.000

8.556

X Program 2.451

Error 89.759
Total 114.766

dfI

AZ
MS

1 14.000 2.963

1 8.556 1.811

1 2.451 .519

19 4.724
22

lIn addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.
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Table 36. Results of the analysis of variance ,Vor Experiment 3
(Graphing, of Inequalities): first administration of Measure 111

Sourote of Variation SS df1 MS

Ms....&

Ability level .023 1 .023 .005

Program 1.148 1.148 .253

Ability level
X Program 6.253 1 6.253 1.375

Error 86.383 19 4.546
Total 93.807 22

lIn addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry warestimated
by using the mean of fhe cell.

Table 37. Results of the analysis of wiriance for Experiment 3
(WIWI& of Inequalities): second administration of Measure Yi

Source of Variation SS df
1

MS

Ability level 48.758 1 48.758 7.222a

Program 1.758 1 1.758 .260

Ability level
X Program 1.758 1 1.758 .260

Error 168.779 25 6.751
Total 221.053 28

asignificant at the .05 level

1
In addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.
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Table 38. Results of the analysis of variance
(Inequalities and the Number Plane): first administration

for Experiment 4

of Measure Yl

Source of Variation- SS df
1

NS

Ability level

Program

Ability level
X Program

Error
Total

78.013

4.638

15.188

53.300

1

1

1

15

78.013

4.638

15.188

3.553

21.9558

1.305

"b
4.274

151.139 18

asignificant at the .001 level
bsignificant at the .10 level

'In addition to the usunl procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.

Table 39. Results of the analysis of variance for Experiment 4
(Inpoual&thuLjumilam(Umber plane): second administration

of Measure Y
1

Source of Variation SS df
1

MS

Ability level 73.153 1 73.153 13.0178

Program 13.203 1 13.203 2.350

Ability level
X Program 5.253 1 5.253 .935

Error 84.298 15 5.620
Total 175.907 18

asignificant at the .01 level

lIn addition to the usual procedure of subtracting one df for the
grand mean, one df was subtracted when a cell entry was estimated
by using the mean of the cell.

-10-



Appendix C

Resume of the,Report of the Electronics Technician Concerning
Modifications to the Edex Teaching System

The problems encountered at fhe outset of this project involved the

lack of independent projector control and the lack of mobility of control

in the Edex system. The Edex console did not allow simultaneous pro-

jection of equipment; rather, the Edex operator was required to use

projectors alternately. The system further required that a teacher or

operator be present at the console lectern if he wanted to operate'the

equipment manually. After an examination of the schematic drawings and

a trip to the school plant to examine the equipment, the following

electrical changes were made to solve the aforementioned problems.

Examination of fhe equipment and the Edex schemata revealed that both

slide changers could be triggered simultaneously or in any random fashion

desired. However, fhe projector lamps would operate only on alternate

pulses. This problem was overcome by fitting a special trip cord to an

additional Carousel projector; this cord was attached to the existing

projector junction box in the projection area. By using the film strip

projector trip for an additional Carousel trip and by plugging the

Carousel into a separate power source for the projector lamp, the slide

change functions of the existing Edex equipment could be used to operate

two slide projectors on the screen simultaneously or in any random

fashion of operation.

The second problem, mobility of control, was approached by manu-

facturing a long extension cord with a pair of double.pole single-throw



Appendix C (continued)

'witches attached to one end and a Jones connector fastened to the other

end. This cord was connected to a receptacle added to and mounted in the

Edex control console. A parallel circuit was wired from this receptacle

into the Edex teacher-control buttons, thus giving the teacher remote

operation of the Edex equipment.

These modifications of the existing equipment allowed the necessary

projector functions to complete the present project. However, the

modifications were not extensive enough to allow full-scale multimedia

presentations, i.e., the operation of three projectors in any random

fashion programed into the equipment by the operator. The best method

for overcoming these limitations would be to incorporate into.the system

some form of programing mechanism, preferably a multi-channel control

device. There are several such devices on the market which could be

adapted for use with the Edex and which could provide up to eight control

channels.
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Table 40. Experiment 1 - Analysis 1: Results of the Newman-Keuls analysis
of the Ability level X Program interaction

Critical Mean 1 Mean 2 lakan 3 Mean 4
Ratio 6.413 5.619 3.571 2.000

2.38-
(2) (3) (4) Mean 1

.79 2.84 4.41* 6.413

2.86
(2) (3) Mean 2

2.04 3.61" 5.619

3.15
(2) Mean 3
1.57 3.571

Mean 4
2.000

*significant at the .05 level

Table 41. Experiment 1 - Analysis 2: Results of the Newman-Keuls analysis
of the Ability level X Program interaction

Critical Mean I Mean 2
Ratio 53.542 52.226

Mean 3
49.286

Mean 4
43.239

(2)

4.17 1.32
(3)
4.26

(4)

10.30*
Mean 1
53.542

5.06
(2)

2.94
(3) *
8.99-

Mean 2
52.226

5.60
(2)

6.05*
Mean 3
49.286

Mean 4
43.239

*significant at the .05 level
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Table 42. Experiment 1 - Analysis 3: Results of the Newman-Keuls analysis
of the Ability level X Program interaction

Critical
Ratio

}Sean 1 Mean 2

54.214 54.186
Man 3
50.000

Man 4
46.471

(2) (3) (4) Mean 1

8.50 .028 4;21 13.74* 54.214

(2) (3) . Mean 2
10.31 4.19 13.72- 54.186

(2) Mban 3
11.40 9.53 50.000

Mban 4
40.471

*
significant at the .05 level

Table 43. Experiment 1 - Analysis att: Results of the Newman-Keuls analysis
of the Ability level X Program interaction

Critical
Ratio

Mean 1 Mean 2
54.614 53.557

Mean 3
49.114

Mean 4
41.085

(2) (3) (4) Mean 1
6.38 1.06 5.50 13.53 54.614

7.67
(2)

4.44
(3)

*12.47
Mean 2
54.557

(2) Mean 3
8.45 8.03 49.114

Mean 4
41.085

*aignificant at the .05 level

-14-
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Table 44. Experiment 1 - Analysis 4: Results of the Newman-Keuls analysis

of the Program X Group interaction

Critical Mean 1 Bean 2 Nean 3 Man 4
Ratio 9.125 8.625 7.750 3.2500

(2) (3) (4) Man 1
2.36 .50 1.38 5.88* 9.125

2.86

(2)

.08 338*.

Man 2
8.625

(2) Mean 3

3.17 4.50* 7.750

Wan 4
3.250

significant at the .05 level

Table 45. Experiment 1 - Analysis 4: Results of the Neyman-Keuls analysis
of the Ability level X Program interaction

Critical
Ratio

Mean 1 Mean 2
8.889 8.889

Mean 3
6.79D

Mean 4
4.250

2.36

(2)

0.00
(3)
2.14

(4)
*

4.64

Mean 1
8.889

_ ........

(2) (3) Mean 2

2.86 2.14 4.64'w 8.889

(2) Mean 3

3.17 2.50* 6.750

Mean 4
4.250

*
significant at the .05 level

-15-
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Table 46. Experiment 2 - Analysis 1: Results of'the Newman-Keuls analysis

of the Ability level X Program interaction

Critical
Ratio

Mean 1
8.400

2*an 2
8.000

Mean 3
7.714

&an 4
5.571

1.49

(2)

.40
(3)
.69

(4)

2.83*

Mean 1
8.400

1.79

(2)

.29 2 .3)43*

t*an 2
8.000

1.97

(2)

2.14*

Mean 3
7.714

kkan 4
5.571

*
significant at the .05 level

Table 47. Experiment 3 - Analysis 1: Results of the Newman-Keuls analysis

of the Ability level X Program interaction

Critical
Ratio

Mb= 1 Kean 2
3.988 3.500

Mean 3
2.470

Mean 4
1.179

(2) (3) (4) Mean 1

1.80 .49 1.52 2.81 3.988

(2) (3) Kean 2

2.17 1.03 2.32" 3.500

......

(2) Mean 3

2.39 1.29 2.470

Mean 4

,

1.179

*significant at the .05 level
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Table 48. Experiment 3 - Analysis 4: Results of.the Newman-Keuls analysis

of the Program X Group interaction

Critical Mean 1 Mean 2 Mean 3 Mean 4

Ratio 7.033 7.000 6.667 3.667

(2) (3) (4) Mean 1

3.15 .08 .42 3.42 7.083

(2) (3) Mean 2

3.85 .33 3.33 7.000

(2) Mean 3

4.27 3.00 6.667

Mean 4
3.667

*
significant at the .05 level

Table 49. Experiment 4 - Analysis 2: Results of the Newman-Keuls analysis
of the Ability level X Program interaction

M.I....M111.111111111111=111.111110111.11111II

Critical
Ratio

Mean 1 Mean 2
54.440 54.080

Mean 3
47.300

Mean 4
29.980

15.06

(2)

.36
(3)

7.14

.

(4)

24.46*

Mean I.

54.440

18.39
(2)
6,78

(3)
24.10

*
Mean 2
54.080

20.43
(2)

17.32*

Mean 3
47.300

Mean 4
29.980

significant at the .05 level
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Table 50. STEP mathematics scores* for subjects in Experiments 1 and 2

ItAaEL ,.
.....
0^^.. Subject Score siltitEL Score

1 95 22 80 43 52

2 93 23 76 44 52

3 93 24 76 45 52

4 91 25 76 46 52

5 91 26 73 47 48

6 91 27 73 48 44

7 89 28 73 49 44

8 89 29 73 30 44

9 86 30 73 51 44

10 86 31 69 52 37

11 83 32 65 53 37

12 83 33 65 54 29

13 83 34 61 55 25

14 83 35 61 56 25

15 83 36 61 57 22

16 80 37 61 58 22

17 80 38 61 59 22

18 80 39 57 60 19

19 80 40 57 61 13

20 80 41 57 62 11

21 80 42 52

*
Scores presented are percentile scores.
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Table 51. STEP mathematics scores for subjects in Experiments 3 and 4

liblect Score kitita Score 11.11211E5.
Score

i 99 23 80 45 54**

2 98 24 80 46 54**

3 97 25 80 47 52

4 93 26 80 48 52

5 93 27 76** 49 50**

6 93 28 76** 50 50**

7 92** 29 76 51 50
**

8 91** 30 76 52 50**

9 89** 31 73 53 44

10 89 32 73 54 44

11 89 33 73 55 44

12 87** 34 69 56 40

13 87** 35 69 57 40

14 87
**

36 65 58 40

15 87** 37 65 59 37

16 86 38 65 60 36**

17 86 39 63** 61 33

18 86 40 61 62 33

19 86 41 59** 63 25

20 83 42 57 64 22

21 83 43 57

22 83 44 57

*Scores presented are percentile scores.
**The subject achieving this score was a junior.
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Appendix E (continued)

Table 52. STEP Mathematics Section data*

Class (Number of subjects) Mean Median Range

Freshmen (62) 62.79 67.00 11-95

Sophomores (46) 67.70 72.83 22-99

Juniors (18) 66.20 68.50 36-92

Sophomores and Juniors
coMbined (64) 67.28 72.83 22-99,1
The data presented are percentiles.



Appendix F

Text and tabulation of a questionnaire given to the Wisconsin Heights
High School faculty concerning the Edex Teaching System

A multimedia expert has suggested that certain minor alterations to our
existing Edex equipment might make it much more versatile. We would like to
find out what could be done to make the Edex equipment in the HLG more useful
to mu. Would you please fill in this questionnaire and return it to the
office by Thursday, Ifarch 3. Check as many items in each category as apply
to you.

Number of.
Responses'

I. Present use of the Edex. This semester I have used or am
planning to use the Edex equipment in the following way(s):

a. Slide projector controls.
b. Film strip projector controls.
c. Motion picture projector controls.

5 d. Tape recorder to play ordinary tape recordings.
2 e. Tape recorder to turn projectors on and off.
4 f. Response buttons and meters or score accumulators.
0 g. Other uses you make of Edex (Specify)

II. Problems experienced in using the Edex.

7 a. Insufficient knowledge as to how to operate it.
6 b. Insufficient knowledge as to its possible uses.
0 c. Too complex to be useful.
0 d. Does not do easily the kinds of things you would

like it to do (Specify)
2 e. No need for it in your instructional program.
2 f. Other problems in using the equipment (Specify)

No time to set u e ul ment because of room use.

3

Teachers do not leave e ui ment in o
11

erative order.
g. You prefer to use a projector in the rear of the

HLG, rather than an Edex projector. (Please explain
why) Not enouhracticecacieEtEguipetatjot___
alwa s o erative. No time to ro ram.

17 of approximately 30 faculty members returned the questionnaire.

However, two of these checked II e., and two additional teachers
stated that they did not use the HLG, the room in which the Edex
was located. These four teachers responded to none of the rest of
the questionnaire, so essentially these numbers represent the
responses of 13 teachers.
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III. Modes of operation the Edex should be capable of.

a. Slide and filmstrip projectors on at the same time.
b. Two slide projectors on at the same time.
c. Two filmstrip projectors on at the same time.
d. Movie projector and slide projector on at the same time.

6

2

2

2 e. Movie projector and filmstrip projector on at the same
tibe.

2 f. Some combination of three projectors on at one time.
Specify: One slide and two filmstrip projectors

10 g. In addition to the present advance button for filmstrips
or slides, a reverse button.

4 h. Random access to slides.
11 i. Focus control for slide projector at Edex console.

j. More student response stations...8
6 k. A way to obtain permanent record of student responses.
1 1. Remote operation of certain functions of the Edex.

Specify which functions: On-off and Chan e Slides.

6 m. Better orientation of the Edex console in the HLG.
Give suggestions below.

4 n. Standard programmed tapes to perform certain sequences
of operations.

0 o. Other (Specify).

IV. Suggestions. Please give any criticisms or suggestions you
have concerning the Edex machine and associated equipment.*
Comment further on any of the above questions if you like.
Thank you!

*Other criticisms and suggestions included:
1. Students have difficulty seeing the visuals.
2. Console needs to be more flexible in positioning and wires

concealed.

3. Console lacks storage space to keep "junk" off the top.
4. Room light control needs to be located at the console.
5. Include automatic screens for the overhead.
6. Permanently anchor the seats and include more seats in the room.


